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The Pathogenesis of Hog Cholera 
I. Route of Entrance of the Virus into the Animal Body 


H. W. DUNNE, D.V.M., Ph.D.; J. F. HOKANSON, D.V.M.; A. J. LUEDKE, D.V.M. 


University Park, Pennsylvania 


THE INCREASING TREND shown in the past 
few years toward the eradication of hog 
cholera has prompted new interest in the 
methods by which the disease is spread. 
The discovery, by Shope,’ of an existing 
reservoir of hog cholera virus in the egg 
of the swine lungworm has been an impor- 
tant step in the understanding of the epi- 
zootiology of hog cholera and could explain 
some of the ‘‘spontaneous’’ appearance of 
the disease in a herd, usually in a single 
animal. 

Onee the infection is established in an 
animal, by direct transmission through con- 
taminated feed, water, or air, there usually 
occurs a short period between the occur- 
rence of clinical signs of disease in that 
animal and the subsequent evidence of in- 
fection of the herd. Transmission to the 
rest of the herd in these instances is proba- 
bly attained by direct contact or indirectly 
through contaminated feed. The sites of 
virus invasion in direct transmission, how- 
ever, have never been established definitely. 

It generally has been conceded that, in 
the direct transmission of hog cholera, the 
virus usually enters the animal’s body dur- 
ing the processes of eating or breathing. 
Schwarte® demonstrated that infection 
could take place through the respiratory 
system by passing liquid and powdered 
aerosols of hog cholera virus through the 
nasal orifices during the inspiratory phase 
of respiration or by injecting the powdered 
virus under pressure through a needle into 


From the Department of Veterinary Science, Pennsyl- 
vania State University, University Park, Pa. Authorized 
for publication on Jan. 2, 1959, as journal series No. 
2333 of the Pennsylvania Agricultural Experiment Sta- 
tion, University Park. 


the trachea. Animals so exposed sickened 
and died. 

Evidence has been presented by Bodian * 
that poliomyelitis virus gains entrance into 
the human body through the tonsillar area. 
Since it is generally known that swine can 
be infected by eating contaminated feed, 
the question arises as to the importance of 
the tonsillar area in the process of infee- 
tion. There are no data available regarding 
hog cholera virus invasion through the 
stomach or the tonsillar area. The injec- 
tion of an aerosol into the trachea does not 
eliminate the possibility of exhaling the 
virus past the tonsillar area with subse- 
quent tonsillar infection. 

To clarify these points, experiments were 
designed to determine if hog cholera virus 
could invade the animal’s body through the 
tonsillar area, the stomach, or the respira- 
tory tract. 


MATERIALS AND METHODS 


Thirty pigs, weighing 30 to 35 lb., were used. 
They were hog cholera-susceptible and from non- 
immunized sows. The virus used was the ‘‘Spran- 
kle’’ virus, which was isolated from a natural 
infection of hog cholera in Pennsylvania and which 
contained 10°1.d.so for swine. For the purposes of 
the gastric exposure, the virus (as undiluted blood) 
was used in dilutions of 1x 10° through 1x 10~. 
A 1x10” dilution in Tyrode’s solution was used 
in the respiratory and tonsillar exposures.® 

In the gastric exposures, 19 pigs in four separate 
tests were given 0.5 ml. of virus in different dilu- 
tions placed in a 00 gelatin capsule, which in turn 
was placed into a 000 gelatin capsule. Care was 
taken to make sure that no virus contacted the 
outside of either capsule during the filling process. 
The capsules were administered with a balling gun, 
after which the animals were placed in individual 
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Horsfall-type isolation units for seven days. Dur- 
ing this period, strict isolation was maintained. 
Animals were not handled, and water and feed 
were introduced through openings which pro- 
vided a minimum of exposure to possible outside 
infection. 

The preparations of animals for tonsillar and 
respiratory exposures to the virus were identical. 
The anesthetic* was injected intravenously at the 
rate of 1 ml. of a 4 per cent solution per 4 lb. 
of body weight. The trachea of each animal was 
exposed by surgery, severed, and the cranial end 
of the caudal portion was sutured to the skin sur- 
face. A tracheal tube was inserted into this por- 
tion of the trachea, and the incision was closed 
tightly to prevent the exposure of the incised 
edges. The incision and all incised surfaces were 
sprayed with a sterile liquid surgical dressing 


TABLE i—Gastric Exposure of Pigs to Hog Cholera Virus 


tonsillar area was made by using a 5 by 15 mm, 
tight sterile cotton swab on a wooden applicator, 
moistened by diluted infectious blood. Excess 
blood was squeezed from the swab. With the ani- 
mal still under anesthesia, the pig’s mouth wag 
opened with a speculum, its tongue depressed with 
a wooden tongue depressor, and the infectious ma- 
terial applied to both tonsillar areas with the swab 
(fig. 1). 

The respiratory exposure was accomplished by 
introducing a glass tube through a hole in the 
drape into the tracheal tube. The glass tube was 
attached by a rubber connection to a DeVilbiss 
No. 640 atomizer.* Under approximately 3 Ib. of 
pressure, a small amount of the virus aerosol was 
introduced into the trachea just prior to each in- 
spiration for a total of ten inspirations (fig. 2). 
The total amount of virus used in the full exposure 


Challenge (21 days) virus 593 


Pig Source Virus Reac- Incubation Course of Termi- 
No. No.* dilution tion period illness Lesions nation 
(days) (days) 
669 A593 1x10 None 4 50 Severe Died 
670 A593 10-7 None 8 7 Mild Died 
671 A593 10-8 None 8 33 Mild Died 
672 A593 10-5 None 1 53 Moderate Died 
673 A593 10-4 None 1 54 Severe Died 
703 A593 1x 10-6 None 3 28 Moderate Died 
704 A593 10-5 None 3 38 Moderate Died 
705 A593 10-* None 2 45 Severe Died 
706 A593 10-4 None 3 42 Severe Died 
707 A593 10-2 None 2 17 Severe Died 
708 A593 Control None 3 53 Moderate Died 
722 A591 1x10 None 3 13 Severe Died 
723 A591 10-4 None 3 10 Severe Died 
724 A591 10-3 None 4 40 Severe Died 
725 A591 10-? None 3 32 Severe Died 
726 A591 10° None 3 52 Severe Died 
748 A593 1x 10° None 2 15 Severe Died 
749 A593 10° None 2 12 Moderate Died 
750 A593 10° None 3 11 Severe Died 
751 A593 10° None 2 14 Moderate Died 


* Identification of pigs which were the source of experimental virus. 


(Aeroderm,t co-polymers of hydroxy-vinyl chloride 
acetate and modified maleic rosin ester) to prevent 
possible contamination of the incised areas during 
the period of exposure to the virus. Inhalation of 
the sprayed surgical dressing was prevented by in- 
serting a cotton pledget into the tracheal tube dur- 
ing the brief periods of application. Infection 
through areas other than the lungs was avoided 
by using a sterile sheet over the animal while the 
virus aerosol was being introduced into the tracheal 
tube. All animals were exposed under a stainless 
steel hood with negative pressure for the removal 
of free aerosol particles, thereby reducing to a 
minimum the chances of exposure of the animal by 
other than the intended route. Exposure of the 


* Surital Sodium, produced by Park Davis and Co., De- 
troit, Mich. 

+ Aeroderm 
Ohio. 


is produced by Aeroplast Corp., Dayton, 


was less than 1 ec. of a 1x 10” dilution of infected 
blood. The infective dose was therefore less than 
10° m.1.d. 

After exposure, the pigs were placed in indi- 
vidual dust-free isolation pens, and provided with 
water but not feed for the period of survival, which 
did not exceed 54 hours. Feed was withheld to 
prevent dust inhalation and to reduce the possibil- 
ity of irritation of the throat area by contact with 
trough edges. The animals died from suffocation, as 
the isolation procedures prevented handling them 
to clear the air passages in the tracheal tubes. 
Death occurred in eight to 54 hours, and virus in- 
vasion was detected by heart blood samples whicb 
were taken at the time of death. Blood specimens 
were citrated and injected into susceptible pigs 
which also were maintained in strict isolation. The 


* Manufactured by the DeVilbiss Co., Somerset, Pa. 
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Fig. 1—Tonsillar area exposure to hog cholera 
virus using a virus-moistened cotton swab. 


occurrence of typical hog cholera in these pigs was 
accepted as positive detection of the virus. 

In the absence of clinical signs of hog cholera 
which could be observed without handling the pigs, 
all exposed animals were challenged at 21 days with 
known virulent virus to determine susceptibility. 

Lack of immunity to the standard challenge dose 
of 10°l.d.sco at 21 days after gastric exposure was 
accepted as evidence that the virus was not infec- 
tive by this route. 


RESULTS AND DISCUSSION 


None of the 19 pigs (table 1) exposed by 
the gastric route became infected with hog 
cholera. All proved to be susceptible to 
hog cholera upon challenge 21 days after 
the initial (gastric) exposure. It appeared 
possible that the hydrochloric acid concen- 
tration of the stomach was too great to per- 
mit survival of the virus. Alteration of the 
virus presumably was so complete that im- 
munity to the standard challenge dose of 
10° 1.d.59 of blood virus was not developed 
by any of the virus portions which may 
have been adsorbed into the digestive tract. 


Fig. 2—Respiratory exposure with sheet removed 
for photographic purposes. The aerosol of virus 
was released momentarily before each inspiration. 


XUM 


It appeared, however, that pigs given 
infected blood at dilutions of 1x10* or 
lower reacted quicker and developed more 
severe lesions upon subsequent challenge 
than did those exposed to higher dilutions 
of the virus. Using the degree of hemor- 
rhage and swelling of the lymph nodes, and 
hemorrhage of the kidneys and skin as the 
criteria for severity, 10 of 12 animals 
given a 1x 10* or lower dilution of virus- 
infected blood by the gastric route showed 
severe reaction to subsequent challenge. 
The other 2 animals showed a moderate 
reaction. Of those given a 1x10° or 
greater dilution of the virus-infected blood 
by the gastric route, only 2 of 7 showed a 
severe reaction to subsequent challenge. Of 
the remainder, 3 pigs showed a moderate 
reaction and 2 a mild reaction to challenge. 


TABLE 2—Respiratory Exposure of Pigs to Hog 
Cholera Virus 


Survival 


Pig time Blood 
No. (hours) infectivity* 
790 30 Positive 
840 24 Positive 
896 8 Negative 
892 21 Negative 
969 30 Positive 
970 30 


Positive 


* Infectivity at time of death. 


The course of tne disease in the chal- 
lenged pigs ranged from seven to 54 days. 
The development of increased severity of 
lesions in the group given the greatest 
gastric exposure lends emphasis to earlier 
reports © that exposures of pigs to appar- 
ently nonimmunizing virus antigens tend 
to sensitize the animals to later infection 
with virulent virus. Such animals, upon 
becoming ill, develop more severe lesions 
and often more acute courses than animals 
not previously exposed to nonimmunizing 
antigen particles. 

Somewhat similar but unpublished re- 
sults with attempts at gastric exposure have 
been observed by Kernkamp,‘’ who used a 
stomach tube method of exposure but also 
failed to infect animals by this route. 
These observations further confirm the find- 
ings reported in this paper. 

In contrast to the negative results in at- 
tempting to infect by the gastric route, ex- 
posures of pigs by both the tonsillar route 
and the respiratory route were successful. 
Although the pigs with tracheal tubes sur- 
vived for only a short time, it appeared 
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that survival for 24 hours was sufficient to 
establish viremia. If blood from these pigs 
produced hog cholera when injected into 
susceptible pigs, it was considered positive 
evidence of viral invasion. The complete 
severing of the trachea and the use of a 
tracheal tube prevented the possibility of 
tonsillar infection in intratracheally ex- 
posed pigs and prevented respiratory in- 
fection in tonsillar-exposed pigs. 

Of 6 pigs exposed by the respiratory 
route, 4 survived for 24 hours or longer 
(table 2). Blood from the hearts of each of 


TABLE 3—Tonsillar Exposure of Pigs to Hog 
Cholera Virus 


Survival 
Pig time 
No. (hours) Infectivity* 
789 24 Positive 
792 <22 Negative 
977 24 Positive 
978 54 Positive 


* Infectivity at time of death. 


these 4 pigs produced hog cholera when 
inoculated into susceptible pigs. The other 
2 pigs died eight and 21 hours after ex- 
posure and their heart blood did not pro- 
duce hog cholera in susceptible pigs. This 
indicated that a viremia from respiratory 
infection sufficient to produce hog cholera 
in a subinoculate was not established at 21 
hours but was established by 24 hours. 

Pigs infected by the tonsillar route re- 
acted in a similar manner. Three of 4 pigs 
infected by this method survived for 24 
hours or longer and contained virus in their 
heart blood at the time of their death 
(table 3). The other pig died in less than 
22 hours after infection. The exact time of 
death (during the night) was not known. 
Heart blood from this animal did not pro- 
duce hog cholera in a susceptible pig. 

The short survival period of the pigs 
exposed by the respiratory and tonsillar 
routes, caused by the bisecting of the 
trachea, necessitated the detection of virus 
in the blood at the earliest possible moment. 
The early sampling seemed to increase the 
efficiency of the system. Later infection 
through other body openings or susceptible 


membranes, resulting from contact with ex- 
udate from the exposed lung, probably 
would have resulted in delayed develop- 
ment of viremia beyond the sampling pe- 
riod in most instances. 


SUMMARY AND CONCLUSIONS 


The virus of hog cholera, carefully en- 
closed in double gelatin capsules to prevent 
contact of the virus and the pharyngeal 
tissues, proved incapable of producing hog 
cholera when liberated in the stomachs of 
susceptible swine. Animals exposed by the 
gastric route with the more concentrated 
samples of virus appeared to react more 
quickly and to develop more marked lesions 
on subsequent challenge than those exposed 
in the same manner to less concentrated 
virus, indicating a sensitizing effect of an 
apparently nonimmunizing antigen. 

Successful infection through the tonsillar 
area was accomplished in pigs in which the 
trachea was severed to prevent possible 
respiratory infection. The virus was de- 
tected in the blood stream 24 hours post- 
inoculation in pigs exposed by the tonsillar 
route. 

Respiratory infection with hog cholera 
virus was successfully accomplished in pigs 
with tracheas that had been severed to pre- 
vent simultaneous exposure of the tonsillar 
area. The virus was detectable in the blood 
of pigs surviving for 24 hours or longer 
following exposure, but not in pigs which 
survived for 21 hours or less. 
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The Pathogenesis of Hog Cholera. II. The Virus Eclipse Phase 
and Sensitization of the Host 


H. W. DUNNE, D.V.M., Ph.D., and A. J. LUEDKE, D.V.M. 


University Park, Pennsylvania 


INTEREST in the pathogenesis of virus dis- 
eases has stimulated investigation into that 
stage of early virus infection in which in- 
fective virus cannot be detected in the in- 
fected system, or can be detected only in 
markedly decreased amounts. This phe- 
nomenon, commonly termed the virus 
eclipse stage, has been shown to occur 
with influenza virus in vitro in embryo- 
nated chicken eggs,’* and in de-embryo- 
nated chicken eggs.**® In summarizing the 
results of early workers with influenza 
virus, Burnett! states that ‘‘it is at least 
clear that there is a well marked eclipse 
phase lasting approximately three hours 
from the time of inoculation before any 
new virus particles, demonstrable either as 
hemagglutinin or as infective units, appear 
in the membranes.”’ 

Herpes virus grown in chicken embryo 
fibroblasts was shown to liberate the first 
virus about three and one half hours after 
inoculation and continued to release virus 
in ‘‘bursts’’ through seven hours or longer.* 
Vesicular stomatitis virus inoculated into 
guinea pig foot pads was not detectable at 
two hours in a 1:20 dilution of foot pad 
tissue, even though the original inoculum 
contained 10° infective doses.‘ Campbell,* 
in studying the virus of erythroleukemia 
in chickens, made intravenous inoculations 
and found that the virus disappeared in 
30 minutes and did not reappear in the 
blood in detectable quantity until 18 hours. 
From previous work, it appeared that the 
virus of hog cholera did not become detect- 
able in the blood stream for several hours 
after inoculation into swine. 

The experiments reported here were de- 
signed to investigate the existence of an 
eclipse phase in which no infective virus 
is detectable in the animal system, and 
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some of the factors influencing this phase 
of virus multiplication. 


MATERIALS AND METHODS 


Blood from experimental swine A510, A515, 
A942, and A943, infected with the ‘‘Sprankle’’ 
strain hog cholera virus,’ was used in all experi- 
ments. One milliliter of this blood contained more 
than 1x 10° but less than 1x10’ virus infectious 
doses for swine. Except where indicated, the virus 
was diluted with a phosphate buffer, pH 7.4. Fil- 
tration through a Seitz sterilizing filter removed 
bacterial contaminants and particle aggregates. 

Susceptible weanling pigs, 8 to 10 weeks old, 
were injected with 1 ml. of virus into the left 
jugular vein near its junction with the anterior 
vena cava. Blood samples were then taken from 
the right jugular vein of the injected animals at 
indicated intervals of 15 minutes to 48 hours. 

In the experiments designed to determine the 
relative infectivity of blood and tissues, 3 pigs 
intravenously inoculated with 10° ld. of A942- 
A943 hog cholera virus were killed at two, five, 
and eight hours. Reticuloendothelial tissues, in- 
cluding the pharyngeal, prefemoral, inguinal, and 
mesenteric lymph nodes, and the spleen were re- 
moved. Blood samples were taken at the time of 
killing. 

Both suspensions of tissue and blood samples 
taken at the specific hours were divided into two 
portions. One half of the blood was diluted 1:1 
with water. This diluted blood and one portion 
of the tissue suspension were frozen to lyse the 
cells and prevent further virus multiplication. 
The other half was refrigerated overnight at 4C. 

All samples were tested in swine within 24 hours 
after collection. Suspensions of these tissues 
were centrifuged to remove cellular debris and 
the supernatant fluid was tested for the presence 
of the virus. Since no completely satisfactory 
laboratory detection tests for hog cholera virus 
have been developed, the presence of virus in the 
samples was determined by injecting 1 ml. of the 
sample into hog cholera susceptible pigs. Samples 
diluted 1:1 with water for the purpose of lysing 
cells were injected in 2-ml. amounts. 

All animals were placed in strict isolation dur- 
ing the course of the experiments. Animals surviv- 
ing or showing no illness following injection were 
subsequently challenged with known infective hog 
cholera virus to determine susceptibility. 
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EXPERIMENTAL PROCEDURES AND 
RESULTS 


The usual incubation period of hog chol- 
era in swine, based on temperature rise and 
leukopenia, is three to four days following 
injection with the virus. To insure recov- 
ery of the virus, the first eclipse studies 
were made over a 48-hour period. With 
one exception, the inoculations were made 
intravenously. 

Experiments 1 and 2.—An identical in- 
oculation of 1 ml. of a 1x 107 dilution of 
blood virus A510—A515 (10° 1.d.) was made 
into each of 2 pigs. Some of the sampling 
times were varied to provide a closer cover- 
age of the first 24-hour sampling period. 
One milliliter of blood from each post- 
infection sample was injected into 1 or 2 
susceptible swine (table 1). The virus was 


Samples were not taken earlier than eight 
hours, and it is possible that no eclipse 
phase may have been present. 

Experiment 4.—Since it seemed that the 
time of appearance of the virus was di- 
rectly related to the ratio between body 
size and the number of lethal doses in the 
inoculum, experiment 4 was designed with 
a similar virus of blood origin but a dif- 
ferent lot (A942—-A943), diluted 1:10 (10° 
l.d.), and with smaller pigs (22 lb.). In 
this experiment, the virus was not de- 
tectable at one, five, and eight hours, but 
was present at 12 hours (table 2). This 
pig had just been weaned, was two weeks 
younger, and weighed at least 8 lb. less 
than most pigs in these experiments. All 
these factors may have influenced the ear- 
lier appearance of the virus in the blood. 


TABLE i—Virus Eclipse in Experimentally Inoculated Swine 


Hour postinfection 


Infectivity of sample Challenge of 


Experiment blood sample taken in susceptible swine survivors 

Experiment 1, diluted infected blood. 30 min. — Died 
Intravenous injection 1 cc. 1x10 di- 3 hr. = Died 
lution virus A510—-A515. Pig weight, 3 hr. -= Died 
30 Ib. 5 hr. _— Died 
5 hr. _ Died 

8 hr. _ Died 

8 hr. _ Died 

13 hr. _ Died 

13 hr. — Died 

24 hr. 

24 hr. 

Experiment 2, additional time periods. 15 min. 
Same inoculation as above. Pig weight, 30 min. — Died 
35 Ib. 16 hr. 
18 hr. 

20 hr. 

22 hr. 


present at 15 minutes in the pig in experi- 
ment 2. It was not present in blood taken 
from either pig at 30 minutes nor was it 
demonstrated in the blood taken up to 
and including 13 hours after infection of 
the pig in experiment 1. All samples taken 
at 16 hours or later were positive. The 
challenge of animals given the noninfective 
samples was made four weeks after the in- 
itial inoculations and they were shown to 
be susceptible to the virus. 

Experiment 3—To determine the effect 
of a larger amount of the virus in the in- 
oculum, a 30-lb. pig was inoculated with 1 
ml. of undiluted blood virus (10° 1.d.) 
(table 2). Blood taken at eight, 16, and 24 
hours was positive for hog cholera virus. 


Experiment 5.—Undiluted infected blood 
(10® l.d. of hog cholera virus) was inocu- 
lated into a 30-lb. susceptible pig (table 3). 
The animal was killed at five hours and the 
blood saved. Although this experiment was 
part of another study, the results were ap- 
plicable to the work reported here. Of 9 
pigs injected with the five-hour blood, 5 
sickened with hog cholera; 4 of these died 
and 1 recovered. The incubation periods, 
which were lengthened, ranged from five 
to 13 days. All of the pigs which did not 
sicken were susceptible to hog cholera on 
subsequent challenge. Five hours was the 
earliest sampling period at which virus was 


detected. following intravenous infection 
with a large amount of virus. This oc- 
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curred in one animal which was inoculated 
with 10° 1d. However, no blood samples 
earlier than five hours were taken from 
this animal to show that the virus was not 
present before this period. The possibility 
existed here also that, because of the larger 
inoculum, the virus was never entirely 
eliminated from the blood stream. 
Experiment 6.—The time required for 
the appearance of virus in the blood fol- 


1, 2, and 4, in which virulent virus was not 
recovered before 12 and 16 hours. None of 
the injected animals developed typical hog 
cholera. Reactions were limited to various 
degrees of temperature rise (table 5). 
However, in table 5 a line is drawn be- 
tween the 5-hour frozen and the 5-hour 
not frozen blood and tissues, thereby sep- 
arating two groups equal in number but 
generally different in reaction. All sam- 


TABLE 2—Effect of Virus Dilution on the Virus Eclipse Phase 


Hour postinfection Infectivity of sample Challenge of 
Experiment blood sample taken in susceptible swine survivors 
Experiment 3, undiluted infected blood. 8 hr. + (Died) 
Intravenous injection 1 cc. undiluted 16 hr. +(Died) 
virus A510-A515. Pig weight, 30 Ib. 24 hr. + (Died) 
Experiment 4, diluted blood, smaller 1 hr. o Died 
pigs. Intravenous injection 1 cc. of a 5 hr. _ Died 
1x10- dilution virus A942—A943. Pig 8 hr. os Died 
weight, 22 Ib. 12 hr. 
24 hr. 


lowing tonsillar infection was also deter- 
mined within a broad range. Blood from 
an animal infected through the tonsillar 
area with a swab dampened with blood 
virus diluted 1x10"! was negative when 
taken at one, eight, and 16 hours post- 
infection but positive at 24 hours (table 
4). These findings compared favorably 
with earlier findings,’ which indicated that 
pigs surviving a tracheal operation for 24 
hours after tonsillar and respiratory expo- 
sures had detectable virus in their heart 
blood, whereas those that survived 20 hours 
or less did not. 

Experiment 7.—To determine if virulent 
virus was present in the tissues of a pig 
infected eight hours or less, 3 pigs were 
inoculated with 1 ml. of virus A942—-A943 
and then killed at two, five, and eight hours, 
respectively. Samples of blood and lymph 
nodes taken at this time were divided into 
two equal portions as previously described. 
One portion of each was diluted 1:1 with 
sterile distilled water and frozen to lyse 
the cells, thus inhibiting further virus de- 
velopment. The other portion was refrig- 
erated at 4 C. to retard, but not necessarily 
to inhibit completely, the viral growth. One 
ml. of the undiluted samples and 2 ml. of 
the diluted samples were inoculated subeu- 
taneously into hog cholera-susceptible pigs 
the following day. 

The results of this experiment compared 
favorably with the results of experiments 


ples above this line stimulated a relatively 
mild reaction in inoculated swine. All be- 
low this line caused reactions of a more 
pronounced nature. In the column show- 
ing temperatures taken on the sixth day, 
which was the first day temperatures of all 
animals were taken, all temperatures, with 
one exception, were 102.8 F. or lower in 
the upper half. The exception was the pig 
which had been inoculated with the five- 


TABLE 3—Variations in Response to 5-Hour 
Sample When Initial Virus Dose was Large 
Incubation 
period 
Pig No. (days) Termination Challenge 
1 13 
2 13 
3 6 
4 5 
5 5 Recovered Immune 
Died 
Died 
8 Died 
9 Died 


Experiment 5, intravenous injection of identical samples 
of undiluted virus A510-A515. Pigs weighed 30 Ib. 


hour frozen tissue sample and which at- 
tained a temperature of 103.4 F. In the 
lower half, all temperatures were 103.0 F. 
or higher. In like manner, the highest tem- 
perature recorded in the upper half in the 
column headed ‘‘Highest Temperature’’ 
was 103.8 F., whereas in the same column 
below the line, the temperatures ranged 
from 103.8 to 105.2. Leukocyte totals in all 
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animals were well within the normal range 
for swine. 

A further difference indicated between 
the top half and the bottom half of table 5 
is shown in the challenge area. High tem- 
peratures begin at 107.4 F. and reach a 
peak of 108.6 in the lower half. In the 
upper half, the peak is 107.4 F. and the 


TABLE 4—The Effect of Tonsillar Infection on 
the Virus Eclipse Phase 


Hour postinfection Infectivity of sample Challenge of 
blood sample taken in susceptible swine survivors 


1 Died 
8 _ Died 
16 _ Died 
24 - 


Experiment 6, tonsillar infection with virus A593 di- 
luted 1x10. Pigs weighed 35 Ib. 


low is 106.6. Only 1 of 6 animals listed in 
the upper half reached the peak. With 1 
exception, all animals listed below the mid- 
line (table 1) died at 18 days or before. 
All pigs above the midline lived 18 days or 
longer. Also, the day on which the high 
temperature was reached, following chal- 
lenge, was earlier in the group listed in the 
lower half of the table than in the group 
in the upper half. A statistical significance 
of less than 0.01 per cent was shown in the 


which were placed in the 4 C. refrigerator 
overnight. This difference occurred also 
after challenge of the injected pigs with 
virulent virus four weeks later. There ap- 
peared to be little difference, however, be- 
tween the response in animals injected with 
blood samples and the response in animals 
injected with corresponding tissue samples. 

The lesions observed at necropsy were 
generally more intense in the animals in- 
oculated with the unfrozen five-hour sam- 
ples and all eight-hour samples than in the 
animals inoculated with all two-hour sam- 
ples and the five-hour frozen samples. Al- 
though Pasteurella multocida was isolated 
from 3 of 6 animals in each of the two 
groups, pneumonia was most severe in the 
animals shown in the lower half of the 
table and these animals had the most severe 
septicemic lesions. 

DISCUSSION 

In an attempt to explain the reactions 
following challenge, it is perhaps well to 
consider some earlier observations by 
Dunne et al.®:® which indicated that pigs 
injected with components of hog cholera 
virus which were neither infective nor 
immunizing, gave evidence of sensitization 
on subsequent challenge with virulent hog 


TABLE 5—The Eclipse Phase in Tissues and Blood Taken at Early Stages of Infection 


Source of incomplete virus — 


Reaction of pigs to 
incomplete virus 


Challenge with virulent virus 
4 wk. after test 


Hour after Tissue Treatment Temperatare ( ) Temperature Course 
Pig No. infection taken of tissue 6th day Highest Day High Day (day of death) 
28 2 Blood Frozen 101.6 102.6 9 107.0 10 18 
29 2 Ln. Frozen 101.8 103.4 9 106.6 9 22 
30 2 Blood Not frozen 102.8 103.0 9 107.4 7 23 
81 2 Ln. Not frozen 102.6 103.2 9 107.2 7 24 
82 5 Blood Frozen 102.4 103.4 11 107.0 7 24 
33 5 Ln. Frozen 103.4 103.8 11 107.0 9 18 
34 5 Blood Not frozen 103.4 105.0 9 108.0 6 15 
35 5 Ln. Not frozen 104.0 104.8 8 108.6 6 18 
36 8 Blood Frozen 103.0 103.8 12 107.8 3 12 
37 8 Ln. Frozen 103.8 105.2 13 107.8 6 16 
38 8 Blood Not frozen 105.0 105.0 6 108.0 6 31 
39 8 Ln. Not frozen 103.2 104.2 12 107.4 5 16 
Line indicating a division of general reactions for discussion in text. ln. = lymph node. 


first two columns in the challenge area. 
The 1 odd pig (38) eliminated statistical 
significance in the last column. It is recog- 
nized, however, that the numbers are small 
for the establishment of a statistical an- 
alysis. In general, the group of samples in 
which the cells were lysed by hypotonicity 
and freezing produced a somewhat lesser 
response in injected animals than those 


cholera virus. This sensitivity reaction 
was characterized by higher temperatures, 
more severe hemorrhages and skin discol- 
orations, shorter incubation periods, and 
shorter courses than were regularly seen 
in hog cholera-infected pigs. 

The exact nature of this sensitization is 
not known. In general, the reaction of 
sensitized animals following challenge sim- 
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ulated the reaction one would expect from 
an inoculation with a virus of increased 
virulence. This suggests that, basically, 
the effectiveness of the natural defense 
mechanism of the animal against the in- 
vading virus has been decreased. The fac- 
tors contributing to this lowered defense 
may be many. The properdin system may 
have been adversely affected, thus lowering 
the general resistance to disease. An indi- 
rect effect of an allergic phenomenon might 
result in the impairment of antibody-pro- 
ducing cells by histamine. Eosinophils are 
shown to be concentrated early in areas 
where the first lesions of hog cholera are 
seen.” These cells are reported to be active 
in the production of immunity.'* The di- 
version of these cells from the area of 
infection by a generalized allergic phe- 
nomenon might decrease their effective- 
ness in altering the viral infection. 

The response observed in sensitized ani- 
mals following challenge is believed not to 
be an uncomplicated allergic reaction. The 
effects of a challenge of a sensitized animal 
cannot be observed before 24 to 48 hours. 
Even then, the first signs observed are not 
more than a temperature rise and a leuko- 
penia. The more intensified lesions, not 
commonly seen in uncomplicated hog chol- 
era, are observed at the peak of the disease 
or near its termination. 

In the experiments reported in this 
paper, it appears that the early stage of 
hog cholera virus infection in the cell is 
characterized by the development of some 
components, probably incomplete virus 
particles, which are almost completely non- 
toxic and noninfectious. This development 
takes place in both blood and lymphatic 
tissue cells. This is emphasized by earlier 
work,®* in which it was shown that the 
virus multiplies in leukocytes. The incom- 
plete particles apparently do not have the 
antigenic structure which is peculiar to the 
complete virus particle. Antibodies devel- 
oped against the incomplete particles are 
incapable of neutralizing virulent virus. 
The stimulus evoked by these particles, 
however, causes the host to respond to chal- 
lenge with virulent virus by developing 
the severe acute disease described here in 
‘*sensitized’’ animals. 

Since it was known that hog cholera 
could infect leukocytes in vitro,®* it was 
only logical to assume that infection of 
these cells also would take place in vivo. 


It also seemed possible that virus infected 
leukocytes, when transferred intact and 
alive during the eclipse phase to a new 
susceptible host, would develop infective 
virus. Failure to transfer infection on the 
injection of blood samples taken during 
the eclipse phase suggested that the virus 
may have been picked up by the leuko- 
cytes within the first 15 minutes after the 
virus was injected into the blood, and re- 
moved from the blood stream within 30 
minutes by the lymph nodes, spleen, and 
bone marrow. 

The purpose of lysing and freezing 
blood and lymphatic tissue cells was to 
liberate the virus particles and to prevent 
further development. By this means, an 
accurate measurement of ‘‘completeness’’ 
of viral particles could be achieved. It was 
hoped that intact cells refrigerated at 4 C. 
overnight would continue to develop virus 
particles to completeness when injected 
into the new host. In the first instance, 
success was achieved in that virus develop- 
ment was immediately disrupted. In the 
ease of refrigerated tissue, however, some 
virus development may have continued at 
a reduced rate, for the unfrozen cells 
caused a quicker and greater reaction to 
the initial inoculation into the pig as well 
as a greater degree of sensitization to sub- 
sequent challenge than did comparative 
frozen samples. However, any increase in 
virulence which may have been attained 
was not sufficient to kill or immunize the 
swine injected with any of the tissues or 
cells. 

Pig 38 (table 5), which was inoculated 
with an eight-hour sample of unfrozen 
blood, reacted somewhat more severely to 
the initial inoculum than did pigs inocu- 
lated with comparable tissue samples and 
the frozen blood sample. Upon challenge, 
this pig reacted severely but lived signifi- 
cantly longer (31 days) than the pigs 
given the other eight-hour samples. This 
suggests that the virus particles in the 
eight-hour unfrozen blood sample may have 
progressed further toward completeness or 
more toward 1 m.1.d.* than those in any of 
the other eight-hour samples, and that the 
antibodies produced were more nearly spe- 
cific for the complete virus particle than 
those produced by injections of the other 


* It is generally considered that hog cholera produces 
an all or none response, in that 1 m.i.d. is equal to 1 
m.1.d. 
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eight-hour samples. The increased speci- 
ficity of antibodies would therefore mean 
more increased resistance to the virus. Al- 
though the specificity obviously was not 
enough to prevent death, it could have 
caused the lengthened course of disease. 


SUMMARY 


Virulent hog cholera blood virus in- 
jected intravenously into susceptible swine 
was present in the blood stream at 15 min- 
utes postinfection but not at 30 minutes. 
It was detected again at 12 hours when 
the inoculating dose did not exceed 10° 
l.d. When the dose was 10® 1.d., the virus 
was detected as early as five hours postin- 
oculation, and there may not have been a 
period in which virus was completely ab- 
sent from the blood stream. 

Blood cells and lymphatic tissue cells 
refrigerated or frozen at two hours, five 
hours, and eight hours postinfection proved 
noninfectious in swine. Animals injected 
with five-hour unfrozen, eight-hour un- 
frozen, and eight-hour frozen blood and 
tissue cells showed somewhat greater reac- 
tions than those injected with five-hour 
frozen and two-hour frozen and unfrozen 
blood and tissue. Those which showed the 
more pronounced reactions subsequently 
appeared ‘‘sensitized’’ to challenge with 
virulent virus. Freezing of hypotonic sus- 
pensions of cells appeared to stop viral 
multiplication. There appeared to be a lit- 
tle evidence of virus multiplication at five 
hours. Refrigeration appeared to retard but 
not completely stop viral multiplication. 


The phenomenon of ‘‘sensitization’’ was 
discussed and theories for its occurrence 
were presented. 
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Isolation of a Cytopathogenic Agent from 
Swine with Enteritis 


C. MOSCOVICI, Ph.D.; A. GINEVRI, M.D.; V. MAZZARACCHIO, D.V.M. 
Denver, Colorado, and Rome, Italy 


THE stupy of viral diarrhea in swine has 
interested American workers for many 
years. In 1946, Doyle and Hutchings? 
first described gastroenteritis in suckling 
pigs that was transmissible to other litters. 
Diarrhea was reproduced by feeding a fil- 
trate prepared from a portion of infected 
enteric tract, complete with its contents. 

Transmissible gastroenteritis (TGE) is 
clinically characterized by diarrhea, vomit- 
ing, loss of weight, and a high mortality 
among the litters. Adult swine become in- 
fected but seldom succumb. Other epizo- 
oties have been reported by Feenstra et al.* 
and Whitehair et al.? In all eases, the dis- 
ease showed similar signs, and the respon- 
sible agent was demonstrated and trans- 
mitted with the same technique as described 
above. As far as we know, no cytopatho- 
genic effect (CPE) has been demonstrated 
in tissue culture for the agent of Taz. How- 
ever, Haelterman* informed us that the 
agent multiplies in swine kidney tissue 
culture, but without CPE. 

This is a report of our experience with 
an epizootic of diarrhea in suckling pigs 
which occurred in Rome, Italy, during 
1956. The clinical features of this disease 
and the properties of the agent recovered 
differ in significant respects from that of 
TGE. 


MATERIALS AND METHODS 


Twenty suckling pigs, in four litters, which had 
shown diarrhea over a four-day period, were stu- 
died. They were located on the farm of a com- 
mercial hog raiser. The rest of the herd, including 
the mother sows, were without clinical signs of 
infection. Rectal swabs were prepared for inocu- 
lation into tissue culture by making a suspension 
in 2 ml. of Hank’s balanced salt solution. Monkey 
and swine kidneys used for primary isolation were 
prepared for tissue culture according to the method 
of Dulbecco, as modified by Youngner.* 


RESULTS 


A eytopathogenic 
from 1 suckling pig 


agent was recovered 

in a litter of 6, all of 
which had diarrhea; some also evidenced 
anorexia and cachexia but, unlike TGE, no 


From the Department of Pediatrics, University of Colo- 
rado, Denver (Dr. Moscovici), and Istituto Superiore di 
Sanita, Rome, Italy (Drs. Ginevri and Mazzaracchio). 


vomiting occurred. Five of the 6 pigs re- 
covered ; 1 died on the eleventh day of ill- 
ness, when it was 15 days old. It was from 
this fatal case that the agent was recovered 
in monkey kidney ceils. A definite cyto- 
pathogenic effect, indistinguishable from 
that of polio virus, was observed. 

The virus was passed in swine kidney 
tissue culture, and it behaved in the same 
way. At the third level of passage in mon- 
key and swine kidney, the agent showed a 
titer of 10°-* 50 per cent tissue culture dose 
(t.c.d.59) per 0.2 ml. The t.c.d.59 is the dose 
of virus required to produce a cytopatho- 
genic effect in half of the tubes inoculated, 
as calculated by the Reed and Muench 
method. No cre resulted, however, from 
passing the virus in rabbit kidney, human 
kidney, or HeLa cells. The virus did not 
agglutinate chicken erythrocytes at room 
temperature. Attempts to infect newborn 
pigs by intraperitoneal or oral routes were 
unsuccessful. Similar attempts with suck- 
ling and adult mice, using various routes, 
were likewise negative. In a single experi- 
ment with 2 monkeys infected orally (2 ml. 
per monkey of infected, undiluted tissue 
culture fluid), diarrhea resulted in both 
animals after two days. The same swine 
virus persisted in the stools of both mon- 
keys for 12 days. Acute phase serum and 
serum taken after 30 days were tested for 
neutralizing antibodies. Antibodies were 
tested in rhesus or cynomolgus monkey 
kidney cell cultures using 100 t.c¢.d.s59 of 
virus (as measured by tissue culture titra- 
tion) mixed with equal parts of twofold 
serial dilutions of either serum. Following 
one hour of incubation of the mixture at 
room temperature, 0.3-ml. aliquots of the 
serum-virus mixture were added to the 
tubes of monkey kidney tissue culture. 
They were observed after incubation at 
37 C. on the fourth and eighth day. Inhi- 
bition of cytopathogenesis was the criterion 
of the neutralization power of the serums. 
One monkey showed a rise in homologous 
antibody (from 0 to 1:128). The other 
monkey had no titer in either serum. 


In an attempt to evaluate the prevalence 
of this virus in the swine population, adult 
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pigs were swabbed rectally at the central 
slaughterhouse in Rome, where animals 
from the numerous farms of the surround- 
ing Lazio region (an area the size of New 
Jersey) are collected. No cytopathogenic 
agent was recovered. 

Neutralization tests were performed as 
described above and were uniformly nega- 
tive. However, the serum of the sow which 
had a litter with diarrhea from which virus 
was not recovered neutralized 100 t.c¢.d.5o 
of the recovered virus at a final dilution of 
1:10. Unfortunately, no serum could be 
obtained from the suckling with the fatal 
infection. 

Serums from 15 normal pigs were with- 
out neutralizing activity against our virus, 
as was human gamma globulin and monkey 
anti-polio serum. Antiserums against hog 
influenza, transmissible gastroenteritis, por- 
cine vesicular stomatitis and exanthema, 
and canine distemper were similarly lack- 
ing in neutralizing effect in tissue culture.* 
A porcine serum prepared against atrophic 
rhinitis of pigs, which was of questionable 
activity against that agent, was also with- 
out neutralizing effect on this swine diar- 
rhea virus. We did find that undiluted 
antiserum from a pig which had recovered 
from hog cholera (Italian) neutralized our 
swine diarrhea virus. 

Human serums from healthy Italian chil- 
dren were tested against our swine virus. 
Neutralization of 100 t.c.d.59 of the swine 
virus was effected by six of the healthy 
children’s serums at a final dilution of 1: 10. 
Antiserums prepared against the swine 
diarrhea virus in rabbits were tested against 
enteric cytopathogenic human orphan 
(ECHO) viruses 1 through 6, using the 
method described. This serum did not neu- 
tralize 100 t.c.d.s59 of the ECHO viruses at a 
final dilution of 1:10. 

One lot of rabbit serum prepared against 
ECHO virus 8 neutralized the swine virus at 
a titer of 1: 128. A second lot prepared else- 
where had no activity. The reaction is not 
symmetrical, as anti-swine virus serum is 
incapable of neutralizing EcHo 8 virus. It 
is too early in the study of these agents to 
speculate whether there is more than a sug- 
gestion of relationship of the swine diar- 
rhea virus to ECHO viruses. 


SUMMARY AND CONCLUSIONS 
A cytopathogenie virus was recovered 
from an epizootic of diarrhea in suckling 


*The authors thank Dr. 
serums available. 


Beran, who made these 


pigs, which differed significantly from the 
agent of transmissible gastroenteritis. It 
also differed from the swine orphan virus 
recovered by Beran et al.,1 in that it was 
not, like his virus, recovered from normal 
adult or suckling pigs. It had no anti- 
genic relationship to his virus. Further- 
more, no antibodies were detected against 
our virus in normal hogs, whereas Beran 
found a high incidence of neutralizing 
antibodies in the serum and colostrum of 
normal hogs. 

The agent reported in this study might, 
for the time being, be classified as an enterie 
cytopathogenic swine orphan virus (ECSsO), 
as suggested by Hsiung and Melnick.® It 
grows well in monkey and swine kidney 
tissue cultures. Diarrhea was not repro- 
duced with this virus in suckling pigs, but 
in 1 monkey the production of diarrhea, 
with a rise in homologous antibody, was 
successful. This suggests that the virus is 
potentially pathogenic for at least one host 
and may have been the causative agent of 
the epizootic studied. 


ADDENDUM 


Since this paper was submitted we have 
been able to test this swine virus against 
two pig serums, namely DF 5 and ODL 
235, sent to us by Dr. P. H. Lamont, School 
of Veterinary Medicine, Cambridge, Eng- 
land. These two serums belong to pigs 
from which a virus (V-13) was isolated. 
One hundred t.c.d.59 of our swine virus 
were neutralized by these two serums as 
a 1:50 final dilution. 
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Studies on Myoclonia Congenita. IV. The Segmental 
Reflex in Normal and Affected Pigs 


M. W. STROMBERG, D.V.M., Ph.D., and R. L. KITCHELL, D.V.M., Ph.D. 
St. Paul, Minnesota 


PREVIOUS PAPERS have dealt with sev- 
eral aspects of myoclonia congenita, a dis- 
ease of newborn pigs characterized by a 
tremor present at birth. This paper pre- 
sents the results of an electrophysiological 
study comparing the segmental response in 
control, affected, and recovered pigs. The 
spinal cord segmental reflex, since first de- 
seribed by Eccles and Pritchard,’® has be- 
come a useful instrument in the study of 
neuronal activity. 

Contributions to the understanding of 
the anatomic basis and functional signifi- 
cance of the segmental reflex have been 
made by a number of 10-14 
To the authors’ knowledge there have been 
no reports in the literature describing elec- 
trophysiological studies of spinal cord in 
pigs. 


MATERIAL AND METHODS 


Three groups of young pigs were used in this 
study. Group 1, composed of 8 pigs having no 
history of tremor, was used as a control group. 
Group 2 consisted of 8 pigs showing typical 
tremor. Group 3 contained 7 pigs which had re- 
eovered from the disease and showed no clinical 
evidence of tremor. The pigs were obtained either 
from litters farrowed at the College of Veterinary 
Medicine or from outlying farms in the state as 
described in the paper on field studies.” 

The anesthetic (Dial-urethane*) was injected in- 
itially via an ear vein and subsequently by means 
of a cannula in the external jugular vein. The 
trachea was cannulated to permit artificial respira- 
tion, if needed. A laminectomy was performed by 
removal of the spinous processes and arches of the 
last two lumbar and first two sacral vertebrae. 
The exposed dura was slit mid-dorsally to ex- 
pose the dorsal and ventral roots of the spinal 
cord. The region was then flooded with warm 
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(39 C.) mineral oil. The arrangement of the stimu- 
lating and recording electrodes is shown (fig. 1). 

Both stimulating and recording electrodes were 
constructed from silver wire. The stimuli were 
delivered either by a thyratron multichannel stimu- 
lator or a Grass S4B square wave stimulator. 
The reflexly elicited action potentials were re- 
corded using an R-C coupled amplifier, a dual-beam 
cathode ray oscilliseope, and a recording camera 
(fig. 2). 

In general, the response was tested in each ani- 
mal at stimulation frequencies of both one per 
second and one per four seconds. The stimulus 
intensity was set at a low level and gradually in- 
creased until a response was observed on the screen 
of the oscilloscope. The stimulus intensity was 
then increased a small amount following each 
sweep of the oscilloscope beam until the maximum 
response was obtained. 

All measurements of the segmental reflexes were 
made from the image produced by projecting the 
film, using a photographic enlarger. Whenever 
practicable, the degree of enlargement was ad- 
justed so that a time interval of 1 millisecond 
(msec.) was represented by a distance of 10 mm. 
Latencies were measured to the nearest tenth of a 
millisecond. 

Data were accumulated from the last lumbar, 
first and second sacral segments. Since they make 
up the largest portion of the study, only experi- 
ments performed on the first sacral (S1) segments 
will be discussed fully. 


RESULTS 

Group 1, Normal Pigs.—The segmental 
reflex obtained by stimulating the dorsal 
root of Sl and recording from the ventral 
root of the same segment (fig. 3) was simi- 
lar to that obtained in the cat by Lloyd.® 
The response consists, in general, of two 
main components. Following the stimulus 
artifact by a latency of 1.4 msec. was a 
synchronous spike which has been called 
the monosynaptiec response. Following the 
monosynaptic reponse closely was a wave 
of longer duration referred to as the multi- 
synaptic response. One notable and reason- 
ably constant characteristic observed in the 
multisynaptic response of pigs was the ap- 
pearance of two well-defined spikes, one or 
both of which often exceeded the mono- 


+ Manufactured by Grass Instrument Co., Quincy, Mass. 
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LOCOMOTOR REFLEXES 
Ate rather rapidly as the 
MONOSYNAPTIC geressed. The 
LATERAL 
CUTANEOUS 
— animal. 


IPSILATERAL 
RESPONSE 


A 


Fig. 1—The stimulus is applied to the cut dorsal 

root (stim. C) and response (C) is recorded (rec.) 

from the cut ventral root. The multisynaptic (A) 

and monosynaptic (B) response can be obtained 

separately by stimulating at sites such as stimulus 
A and stimulus B, respectively. 


synaptic response in terms of size. These 
spikes do not appear as constantly in the 
segmental responses of the cat. These two 
spikes will be referred to as the second and 
third waves, respectively. These waves 
were especially prominent when the stimu- 
lus intensity was fairly high, but in all 
instances the multisynaptic response ap- 
peared to have the same or lower threshold 
than the monosynaptie response (fig. 4A). 

The monosynaptic reflex response was 
obtained in all of the animals tested, but 
showed considerable fluctuation. It was not 
a constant feature of the segmental reflex 
response throughout each experiment, and 


Fig. 2—Equipment used for stimulation and re- 
cording procedures. The camera (left) is set up to 
record from the oscilloscope. The smaller oscillo- 
scope is used to monitor the response. Toward the 
right are the stimulators and a pair of preamplifiers. 


in most instances appeared to be depressed 
experiment pro- 
unfacilitated monosynaptie 
response appeared to be by far the most 
sensitive portion of the segmental reflex 
response with respect to condition of the 
Any respiratory difficulties were 


Fig. 3—Segmental reflex (first sacral segment) 
response in normal (top), affected (center), and 


recovered (bottom) pigs. Notice the relatively 
greater monosynaptic response in the tremor- 
affected pig. Time is in milliseconds. 


almost immediately reflected in a reduction 
of the height of monosynaptic response. 
When an overdose of the anesthetic was 
used to kill the pig at the end of an experi- 
ment, the monosynaptiec response disap- 
peared long before the rest of the ventral 
root response. 

The maximum latencies of monosynaptie 
response were seen at low intensities of 
stimulation (fig. 4). The range of recorded 
minimum latencies for the 8 pigs in group 
1 was 1.7 to 1.0 msec. The mean value for 
minimum latency was 1.36 msec. (table 1). 

Duration of the monosynaptie spike 
varied between 0.5 and 1.3 msec., and the 
mean value for duration was 0.97 msec. 
(table 1). 


XUM 


I 
( 
t 
ISTIMB | 
J 
NERVE To 
\ 
I 
a ae I 
4 
| | 
7 ( 
I 
i 
I 
t 
{ 
| 
I 
t 
| 
3 
V 
J 
0 
t 
t 
7 


Am. J. Vet. REs. 
JULY, 1959 


StrupiEs ON Myoc.tonia ConGenitaA. IV. 


€29 


Maximum height of the monosynaptic 
response was also measured as a part of 
this series. These values have no signifi- 
cance in themselves, since constancy of re- 
sponse amplification could not be main- 
tained from one experiment to another. 
However, these maximum values for the 
monosynaptie response are herein ex- 
pressed in terms of a ratio of the mono- 
synaptic maximum to the second wave 
maximum. For the normal pigs, this ratio 
varied between a minimum of 0.02 and 
a maximum of 2.84. The mean value for 
ratio of monosynaptic response maximum 
(amplitude) to second wave response maxi- 
mum in 8 pigs was 0.77 for the S1 segment 
(table 1). 

These values for monosynaptie response 
latency, duration, and amplitude ratio were 
obtained with a stimulus frequency of one 
shock per four seconds. Reducing the 
interval between stimuli to one second re- 
sulted in no marked changes in these aver- 
age measurements. The values obtained at 
the two different frequencies are listed 
(table 4). 

The characteristics of the segmental 
reflex response were noticed to differ con- 
siderably when tested with other stimulat- 
ing frequencies. To illustrate this, the 
results obtained in 1 pig will be described. 
With respect to the monosynaptic response, 
the latency at a stimulus frequency of one 
per ten seconds was 1.4 msec. The latency 
then decreased slightly and maintained a 
minimum until a stimulus frequency of 20 
shocks per second was reached. The latency 
values then began to increase with fre- 
queney until a maximum of 1.8 msec. was 
reached, when stimulating with 150 shocks 
per second. At this latter frequency, the 
ventral root response was almost com- 
pletely inhibited. At the various stimula- 
tion frequencies tested, the duration of the 
monosynaptie response appeared to fluectu- 
ate more or less randomly between 1.0 and 
1.3 msec. The comparative absolute values 
of spike height for first, second, and third 
waves at the various frequencies are graph- 
ically illustrated (fig. 5). Variation of la- 
tency with frequency of stimulation is 
shown (fig. 6). 

The maximum latencies of multisynaptie 
response were also seen at low intensities 
of stimulation. The range of recorded la- 
tencies for the second wave response in 
these pigs was 4.7 to 2.3 msec. (table 1). 
The mean value for minimum latency was 


2.56 msec. The mean value for duration of 
second and third wave was 2.60 msec., but 
it must be emphasized that this value is 
not as accurate as that given for the mono- 
synaptic spike. The reason for this is the 


B C 


Fig. 4—Segmental reflex (first sacral segment) re- 

sponse to increasing (from bottom to top) strength 

of stimulus in (A) normal, (B) affected, and (C) 

recovered pigs. Notice the relative magnitude of 

the monosynaptic response in the three groups and 

its lack of lability in the tremor-affected pig. Time 
is in milliseconds. 


AM. J. VET. REs. 


630 M. W. SrroMBERG AnD R. L. KircHELL 
TABLE 1-—Data on the Segmental Reflex Response in Normal Pigs 
Wax 1st 2nd Dura- 
Maximum Minimum 1st igs Maximum Minimum peak peak tion 2nd Threshold 
Pig latency latency Duration latency latency to to & 3rd of 1st & 
No. lst wave istwave Istwave 2ndwave 2nd wave 2nd wave 2nd 3rd waves 2nd waves 
64 2.0 1.5 1.3 0.40 4.7 3.3 1.4 0.8 2.9 Same 
65 2.3 am 0.5 0.07 3.4 2.4 1.2 1.0 2.5 2 lower 
66 1.5 1.4 0.7 0.02 3.0 2.4 1.4 0.9 2.3 2 lower 
68 1.5 1.0 1.2 2.84 3.2 2.5 1.3 0.6 2.2 Same 
69 1.8 1.5 0.9 1.07 3.9 2.4 1.4 ad 1.9 2 lower 
72 1.9 1.3 1.1 0.94 3.4 2.3 1.2 1.1 2.8 Same 
88 2.0 1.3 1.0 0.22 3.9 2.5 1.5 1.0 2.8 Same 
89 2.1 1.2 1.1 0.60 3.5 2.7 1.9 1.0 3.5 2 lower 
Av. 1.89 1.36 0.97 0.77 3.62 2.56 1.41 0.91 a 
All latency, duration, and peak-to-peak values are in milliseconds. 
* Not measurable in this animal. 
difficulty encountered in sharply delineat- quency was increased. The first peak to 


ing the third wave with respect to later 
activity. 

A new parameter of segmental reflex 
characteristics was made use of in these 
experiments. This parameter is the time 
lapse between first and second spike and 
that between second and third spike. The 
relative constancy of these values for each 
animal and between animals suggests a 
physiological significance. The values ob- 
tained are indicated (table 1). The mean 
value for time lapse between the first and 
second wave was 1.41 msec. The mean time 
lapse between second and third wave was 
0.91 msec. The individual values of the 
latter measurement varied comparatively 
little from animal to animal. 

The characteristics of the multisynaptic 
response at a stimulus frequency of one per 
second are quite similar to those observed 
at stimulus intervals of four seconds (table 
4). 

Some of the characteristics of the multi- 
synaptic response at various frequencies of 
stimulation are shown (fig. 5,6). A fairly 
gradual increase of second wave response 
latency was noted as the stimulus fre- 


second peak values showed a rather irregu- 
lar although definite increase with fre- 
quency of stimulation. No _ well-defined 
third wave could be observed at stimulus 
frequencies higher than three per second. 
However, some activity still remained in 
the time region formerly occupied by this 
third wave. In terms of amplitude, the 
second wave response did not show the 
sharp increase in the 8 to 15 stimuli-per- 
second region where the monosynaptic re- 
sponse amplitude was seen to rise sharply. 
Graphs of response variation with fre- 
quency of stimulation are needed from 
many more animals before any assessment 
of their significance can be considered. 

Group 2, Pigs with Tremor.—The re- 
corded response characteristics of this 
group are summarized (table 2). The de- 
gree of tremor involvement indicated is 
based on visual observation and is only in- 
tended as a guide to more accurate inter- 
pretation of the quantitative data. 

Mean values for the various ventral root 
reflex characteristics (table 4) and a reec- 
ord of ventral root responses to a graded 
series of dorsal root stimuli in a group 2 


Max. ht. ist 3nd 

Maximum Minimum Sit wave Maximum Minimum peak peak tion 2nd Threshold 
Pig latency latency Duration ————_—_—_—-_ latency latency to to & 3rd of Ist & 
No. lst wave lst wave ist wave 2nd wave 2nd wave 2nd wave 2nd 3rd waves 2nd waves 
67* 1.8 a8 1.1 1.49 3.5 2.3 1.2 0.9 3.2 Same 
70+ 1.4 1.2 1.4 2.35 3.4 2.5 1.8 0.9 4.3 Same 
717 2.1 1.5 1.5 7.33 4.0 3.3 2.4 0.7 2.9 1 lower 
78* 2.0 1.6 0.8 1.06 3.5 2.7 1.2 0.6 2.5 Same 
79** 2.0 2.0 1.2 5.75 4.0 4.0 3.0 0.8 4.0 Same 
81* 1.4 1.2 Re | 3.37 2.9 2.6 1.3 ae oe 1 lower 
84** 1.6 1.3 2.0 4.39 4.8 3.9 2.9 (1.7) § 5.2 1 lower 
87** 1.7 1.0 1.0 1.85 3.0 2.2 1.2 hpee 3.0 Same 
Avy. 1.75 1.36 1.26 3.45 3.64 2.94 1.87 0.78 Dae. aon 


All latency, duration, and peak-to-peak values are in milliseconds. 


* slight tremor; f moderate tremor; 


** severe tremor; 


t quantity not measurable; § this value was 


questionable, so it was not included in the average value. 


Gr 
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TABLE 2—Data on Segmental Reflex Response in Pigs with Tremor 
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TABLE 3—Data on Segmental Reflex Response in Recovered Pigs 
Maximum Minimum Maximum Minimum peak peak tion 2nd Threshold 
Pig latency latency Duration latency latency to to & 3rd of Ist & 
No. 1st wave lst wave Istwave 2ndwave 2nd wave 2ndwave 2nd 3rd waves 2nd waves 
57 1.9 1.3 1 1.54 3.0 2.7 1.4 ous 2.3 Same 
58 2.0 1.8 1.5 1.22 3.4 _— 1.4 1.0 1.8 2 much 
lower 
59 1.8 1.2 1.0 1.45 3.3 2.4 1.6 eone 1.0 2 much 
lower 
62 1.7 1.3 1.0 0.36 3.2 2.8 1.9 3.3 Same 
73 2.5 1.8 0.8 0.10 3.4 2.6 1.3 2.7 2 much 
lower 
74 2.1 1.4 1.2 1.58 4.0 2.6 1.3 0.8 2.6 1 lower 
82 1.8 1.3 0.8 0.51 3.6 2.3 1.2 1.0 2.5 2 lower 
Av. 1.97 1.44 1.06 0.97 3.41 2.57 1.44 0.93 


All latency, duration, and peak-to-peak values are in milliseconds. 
* Quantity was not measurable. 


to be somewhat more synchronous than in 
the cat. 


pig (fig. 4) are shown. Figure 3 includes 
an enlarged photograph of a maximal seg- 


mental reflex response. 

Group 3, Pigs Recovered from Tremor.— 
The recorded response characteristics are 
summarized (table 3). None of these ani- 
mals showed any visible indications of 
tremor before being anesthetized. 

The mean values for ventral root reflex 
response (table 4) and a record of ventral 


Lloyd’s ® records of reflex activity in the 
cat at low intensities of stimulation show 
monosynaptic and multisynaptic firing ap- 
pearing at the same threshold. This is also 
characteristic of the ventral root response 
in several of the control (group 1) pigs. In 
others, the second wave appeared at a 
lower intensity of stimulation than the 


root response to a graded series of dorsal first wave (table 1). However, these dif- 


TABLE 4—Average Group Values for Characteristics of the Segmental Reflex 


Maximum Minimum ae Maximum Minimum Duration 
latency latency Duration ————— latency latency 1st peak 2nd peak 2nd & 3rd 
Group ist wave lst wave 1st wave Max. 2nd 2nd wave 2nd wave to 2nd to 3rd waves Frequency 
1 1.89 1.36 0.97 0.77 3.62 2.56 1.41 0.91 2.60 1/4 
1 1.81 1.43 0.96 0.73 3.57 2.53 1.40 1.10 2.90 1/sec. 
2 1.75 1.36 1.26 3.45 3.64 2.94 1.87 0.78 3.59 1/4 
2 1.68 1.36 1.20 2.69 3.55 2.93 1.70 0.85 3.49 1/sec. 
3 1.97 1.44 1.06 0.97 3.41 2.57 1.44 0.93 2.31 1/4 


All undesignated values are in milliseconds, except those in the fifth column which are ratios of amplitude. 


root stimuli in a group 3 pig (fig. 4) are 
shown. Figure 3 includes an enlarged 
photograph of a maximal segmental reflex 
response. 

Discussion 


Since no information is available in the 
literature on the electrical neurophysiology 
of the porcine spinal cord, it is not possible 
to directly compare these results with those 
of others. Judging from Lloyd’s illustra- 
tions,? the general configuration of the 
ventral root reflex response from the first 
sacral segment of the spinal cord of the 
cat is quite similar to that in the pig. This 
is especially apparent at high intensities 
of dorsal root stimulation, where Lloyd’s 
records show the height of the multisynap- 
tie response exceeding that of the mono- 
synaptic. However, the early parts of the 
multisynaptie response in the pig appear 


ferences in threshold of monosynaptie and 
multisynaptic activity were not marked. 

Minimum latencies for monosynaptic re- 
sponse varied remarkably little among the 
three groups of pigs. Considering that the 
time values were measured to the nearest 
tenth of a millisecond, these averages 
(table 4) could be considered essentially 
identical. 

It is apparent (table 4) that the first 
wave response is far greater in pigs with 
tremor (group 2) than in either control or 
recovered (group 3) pigs. Also, the first 
wave appeared at the same or lower inten- 
sities of stimulation than did any part of 
the multisynaptic response in all pigs with 
tremor. Taking into account the duration 
and comparative magnitude of monosynap- 
tic response, it seems evident that the two- 
neuron-are pathways in pigs with tremor 
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may be brought into action much more 
readily than the multisynaptic pathways. 
Reference to minimum latency values for 
second wave and first peak to second peak 
values (table 4) shows that the multisynap- 
tie response is delayed in pigs with tremor. 
Therefore, the multisynaptic response can 
be seen to be both delayed and depressed 
in these affected animals. 

Based on the above findings, there ap- 
pears to exist a hyperexcitable monosynap- 
tie and hypoexcitable multisynaptic re- 
sponse in pigs with tremor. However, the 
question of whether the reduced multi- 
synaptic activity is secondary to the ex- 
cessive monosynaptie response remains 
unanswered. 

It is recognized that supraspinal influ- 
ences probably play a part in shaping the 
character of the segmental reflex response 


TIME IN MILLISECONDS 


obtained in all of the pigs. These influences 
are being investigated. 

The characteristics of reflex responses in 
recovered pigs do not appear to differ 
greatly from those of normal pigs. The 
only notable difference is in the ratio of 
maximum first to maximum second wave 
(table 4), and this difference is not large. 


SUMMARY 


A study has been conducted on seg- 
mental reflex response in 23 pigs. These 
included normal pigs, pigs showing tremor, 
and pigs recovered from tremor. The re- 
sults were analyzed with respect to a vari- 
ety of characteristics, and the segmental 
reflex response in pigs with tremor was 
found to differ markedly from that in nor- 
mal pigs. 

Segmental reflex characteristics in re- 


Fig. 6—Variation of la- 
tency of segmental reflex 
, response as a function of 
/ stimulus frequency in a 
/ normal pig. The multi- 
7 synaptic response is rep- 
resented by the broken 
line, the monosynaptic re- 
sponse by the solid line. 
Change of stimulus fre- 
quency had little effect 
on latency of monosynap- 
tic response. 
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covered pigs did not differ notably from 
those in normal pigs, except possibly with 
respect to maximum amplitude ratios of 
first to second wave. The nature of the 
segmental refiex response in pigs with 
tremor suggests increased excitability via 
two-neuron-are pathways and decreased ex- 
citability via multineuronal pathways. 
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Correction—Sulfaquinoxaline in Dairy Cattle 


In the article, ‘‘Studies on the Oral Adminis- 
tration of Sulfaquinoxaline in Dairy Cattle— 
Pharmacology and Pathology,’’ by G. E. Bright- 
enback, F. V. Washko, and O. H. Siegmund, in the 
October, 1958 issue of the American Journal of 
Veterinary Research (p. 794), the last paragraph 
of the Discussion, beginning with the sentence 
starting on line six, should read ‘‘ Unpublished 
reports * attest to the efficacy of this drug... ”’ 


Reference 28, not included in the article and 
erroneously given (Am. J. Vet. Res., May, 1959: 
429), should read ‘‘* Personal communications: 
Frank Vigue, D.V.M., Springdale, Maine, Oct. 31, 
1951; Ross Brown, D.V.M., University of Ken- 
tucky, Lexington, 1950; D. F. Eveleth, D.V.M., 
North Dakota Agricultural Experiment Station, 
Fargo, Jan. 22, 1954; and M. P. Chapman, D.V.M., 
Sherwood, Ore., March 22, 1955.’’ 
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Experimental Infection of Swine with Brucella Melitensis 
(Mediterranean Type) 


G. A. BEAL, Ph.D.; D. B. TAYLOR, Ph.D.; N. B. McCULLOUGH, Ph.D., M.D.; 
R. M. CLAFLIN, D.V.M.; L. M. HUTCHINGS, D.V.M., Ph.D. 


Bethesda, Maryland, and Lafayette, Indiana 


THE ANIMAL RESERVOIR Of Brucella meli- 
tensis in the United States until 1946 was 
believed to be restricted to goats and pri- 
marily to a limited geographic area in the 
Southwest, where infections have been 
known since 1911.6 As recently as 1945,18 
an outbreak of goat-borne brucellosis, in- 
volving a number of human cases, occurred 
in Colorado. The infected goats were de- 
stroyed and, at present, Br. melitensis in- 
fection in goats is believed to be of low 
incidence and to occur almost exclusively 
in states along the Mexican border. 

Prior to 1946, Brucella suis was considered to 
be the only cause of naturally occurring swine 
brucellosis in this country. In December of 1943,” 
Br. melitensis was isolated from two packing plant 
workers in Iowa. With the exception of a Mexican, 
who became ill shortly after arriving in the United 
States, this was the first report of Br. melitensis 
infection in Iowa. By June of 1945, 23 additional 
humans with cases of Br. melitensis infection had 
been reported in the state. The source of exposure 
appeared to be swine; however, it was not until 
1946 * that Br. melitensis was isolated from natu- 
rally infected swine in the same area. 

Between December, 1948, and April, 1949, Me- 
Cullough et al.*** confirmed the oceurrence of 
Br. melitensis infection in swine by isolating this 
species from 11 hogs sampled at random in a Chi- 
cago packing plant. In May of 1949, Hutchings 
et al.” isolated Br. melitensis from a herd of swine 
in southern Indiana. These animals exhibited 
marked clinical evidence of brucellosis, indistin- 
guishable from that due to Br. suis. Damon‘ iso- 
lated Br. melitensis from a hog in Indiana in the 
same year. From epidemiological evidence, infec- 
tion with this species has been present in swine in 
Minnesota since 1945.” 


During the past ten years, there has been an 
apparent increase in both swine and human bru- 
cellosis due to this species of Brucella. Geographi- 
cally, these infections appear to be largely confined 
to the Midwest and, in man, have occurred prin- 
cipally in packing plant employees working in the 
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Laboratory of Bacterial Diseases, Bethesda, Md. (Beal 
and McCullough); and the Department of Veterinary 
Science, Purdue University, Lafayette, Ind. (Taylor, Claf- 
lin, and Hutchings). 


pork department or in farmers having contact 
with hogs. 

The pathogenesis of this type of swine brucel- 
losis was studied by Hoerlein® in 1952. Employ- 
ing a field strain of Br. melitensis recently isolated 
from swine on an Iowa farm where brucellosis in 
man had occurred, it was demonstrated that hogs 
may be infected experimentally by one of three 
routes: intravenous, conjunctival sac, and intra- 
vaginal. Contact infection was also demonstrated 
by isolation of Br. melitensis from uninoculated 
controls. It was concluded that the pathogenesis 
of Br. melitensis infection in swine is similar to 
that due to Br. suis; the strain used, however, 
**seemed moderate in virulence as compared with 
some strains of Br. suis.’’ 

Hoerlein provided us with the strain of Br. 
melitensis used in the previously mentioned study. 
On examination, we found this strain to possess 
characteristics similar to those of all strains of 
Br. melitensis which we (N. B. McC. and G. A. B.) 
have isolated from swine and from packing plant 
workers; i.e., growth in the presence of both thio- 
nine and basie fuchsin, the production of only a 
trace or no hydrogen sulfide, and high urease 
activity. For purposes of convenience and differen- 
tiation, we shall refer to such strains as American 
type Br. melitensis. 

The origin of Br. melitensis (American type) 
has never been satisfactorily explained. Further, 
no adequate study has been made of the infectivity 
for swine of Br. melitensis of the goat-borne va- 
riety. Huddleson,’ in 1944, stated: ‘‘ Melitensis is 
pathogenic for the hog. While I was in Malta in 
1938 I saw evidence of its pathogenicity. A con- 
siderable amount of left-over unpasteurized goat’s 
milk was fed to a group of pregnant sows. All of 
them aborted. Melitensis was recovered from the 
fetuses. For some reason this observation was 
never reported in the literature.’’ 


Under routine typing procedures, the Mediter- 
ranean or classic type of Br. melitensis is not dis- 
tinguished from the American type. However, 
within recent years tests for urease activity have 
been employed by an increasing number of inves- 
tigators in the characterization and typing of 
Brucella cultures. Cultures which type as Br. 
melitensis, on the basis of HS production and 
dye sensitivity, fall into two distinct categories in 
regard to their urease activity, with the American 
type producing significantly greater amounts of 
this enzyme. Because of their epidemiological his- 
tory, strains of Br. melitensis which are character- 
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ized by relatively low urease activity are conven- 
iently referred to as the elassic or Mediterranean 
type. 

It would be of considerable epidemio- 
logical significance if strains of Br. meli- 
tensis (goat-borne, Mediterranean, or clas- 
sic type), as a result of their maintenance 
and growth in swine tissue, became altered 
so as to be indistinguishable from the 
American type. The present investigation 
was undertaken to determine: (1) the in- 
fectivity for swine of representative strains 
of the Mediterranean type of Br. melitensis 
and, in the event infection was established, 
the characteristics thereof; and (2) the 
influence of residency in tissues of swine 
on characteristics which distinguish the 
classic type of Br. melitensis from the 
American type. 


MATERIALS AND METHODS 


Cultures—Four strains of Br. melitensis were 
used. Strain 1 was isolated from a man in Saudi 
Arabia;* strain 2 was isolated in our laboratory 
(N. B. MeC. and G. A. B.) from a patient who 
had recently arrived in this country from southern 
Italy; strain 3 was isolated at Beltsville, Md., 
from a kid born to an infected goat which had 
been shipped from a herd in New Mexico;7 strain 
4 was isolated from a patient at Michigan State 
University, but was originally derived from a pa- 
tient in Malta. 

The cultural and typing characteristics of all 
four strains were typical of the Mediterranean 
type of Br. melitensis. All grew on trypticase soy 
agar containing either thionine or basic fuchsin; 
the test results for H.S production were negative, 
or only trace amounts were produced when grown 
on liver infusion agar or trypticase soy agar 
slants; more than one hour was required to obtain 
a positive urease test using the method of Bauer 
as recommended by the Joint FAO/WHO Expert 
Committee on Brucellosis;“ and all were agglu- 
tinated to high titer in antiserums prepared by 
infecting rabbits with smooth Brucella organisms 
and were not agglutinated by normal serum. 

On the basis of reciprocal absorption tests, they 
were serologically distinguishable from Br. suis 
and Brucella abortus. Their pathogenicity for 
guinea pigs, determined prior to their use in this 
study, was of a high order, infections being pro- 
duced by the intraperitoneal inoculation of as few 
as 10 viable organisms. Each of the four strains 
possessed individual characteristics which enabled 
us to distinguish one from the others. 

Swine—A total of 24 Hampshire gilts and 
barrows were used. They were from farm herds 
with no history of brucellosis and were 2 to 3 
months old when the experimental studies were 


* Supplied by Dr. I. F. Huddleson, Michigan State 
University, East Lansing. 
t Supplied by Dr. C. M. Manthei, Beltsville, Md. 


started. They were kept on grounds at Purdue 
University and observed for a two-week period 
before use. Blood samples drawn immediately 
prior to experimental exposure to Br. melitensis 
were negative to the agglutination test for bru- 
cellosis, and attempts to culture Brucella from 
them were unsuccessful. 

Preparation of Inoculwms.—The cultures of Br. 
melitensis, representing single colony selections, 
were grown for 24 hours at 37C. on trypticase 
soy agar slants. The growth was suspended in 
0.85 per cent NaCl and adjusted turbidimetrically 
to provide the desired number of organisms in a 
final volume of 5 ml. In all instances, plate counts 
were made to establish the actual number of viable 
Brucella therein. 

Bacteriological Studies—All Brucella cultures 
recovered during the course of the study were su>- 
jected to bacteriological examination to determine 
if there had been any alteration in character from 
that possessed by the four strains at the time the 
study was initiated. Among the characteristics 
studied were: colony morphology, antigenic be- 
havior, sensitivity to thionine and basic fuchsin, 
hydrogen sulfide production, and urease activity. 
Finally, for each of the four strains, the Brucella 
culture representing its maximum residency in 
swine tissue was tested for its pathogenicity for 
guinea pigs. 

Determination of Urease Activity.—Bauer’s 
method for determining urease activity was modi- 
fied slightly to afford more quantitative results. 
Each isolate was tested twice. The first test was 
performed on unselected growth and the second 
after single colony selection. The 48-hour growth 
on trypticase soy agar slants was suspended in 
saline solution and, after photoelectric measure- 
ment, a volume of the suspension containing an 
estimated 10 billion viable Brucella organisms was 
centrifuged. The supernatant fluid was discarded 
and to the sedimented cells was added 1 ml. of 
urease test solution. The packed cells were then 
uniformly resuspended and ineubated at 37C. A 
reading for color change from yellow to red was 
made at 15-minute intervals for the first two hours 
and at 30-minute intervals thereafter for a mini- 
mum of four hours. A control suspension, simi- 
larly prepared, representing the strain prior to pig 
exposure, was always tested in parallel. A second 
control, confirming dependability of the test con- 
ditions, consisted of a suspension of Br. melitensis 
(American type). 

Determination of Infectivity for Guinea Pigs.— 
Forty male guinea pigs, N.I.H. strain, weighing 
350 to 450 Gm., were inoculated in groups of 10 
animals each with graded dilutions of standardized 
suspensions of each strain of Br. melitensis. The 
suspensions were prepared from cells representing 
the second successive 24-hour growth from single, 
selected colonies. The size of the inoculum was 
approximated turbidimetrically and the number of 
viable cells was determined by surface plating to 
trypticase soy agar. The inoculums, in a volume 
of 0.5 ml., were given intraperitoneally. After 3¢ 
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TABLE 1—Results of Oral Exposure of Swine to Brucella Melitensis 
Exposure data Brucella agglutinin titer Ss 
No. Time after exposure (days) 
Pig organisms Strain PE day 
No. (millions) (No.) 7 14 21 28 35 42 56 63 71 77 83 90 killed 
1 7,100 1 N* 1:25 N N N 1:25 N 657 
3 2,425 2 N 61:36 N 1:25 N N 98 
4 48 N N N 1:50 N 1:25 1:25 N N N N N 98 
5 1,400 3 N N 1:25 1:50 1:50 1:25 1:25 1:50 1:50 1:50 1:25 1:50 98 
6 27 N N N N N N N N N N N N 99 
7 5,600 4 N N 1:50 1:25 1:25 N 1:25 N N N N N 99 
8 106 N N N 1:50 1:50 1:25 1:50 1:25 1:25 1:25 1:25 1:25 99 


* N= negative for Brucella agglutinins (blood cultures taken at time blood was drawn for agglutinin 
titer were negative for Brucella). + Brucella melitensis was recovered from mandibular lymph node (Bru- 
cella was not recovered from the other animals at necropsy). 


days, the guinea pigs were tested for agglutinins, 
killed, and the following tissues cultured for Bru- 
cella: spleen, liver, inguinal and axillary lymph 
nodes, and testes. The criterion of infection was 
the recovery of Brucella at necropsy. 

First Experiment—Exposure of Swine to Brucella 
Melitensis Via the Oral Route.—Two shoats were 
used for each of the four strains of Br. melitensis 
(table 1). The bacterial suspensions were sprayed 
into the throat of each animal with a syringe. 
Blood samples were taken at weekly intervals after 
exposure, and the serum was tested for Brucella 
agglutinins using the BAI standard plate antigen; 
the dilutions tested were 1:25, 1:50, 1:100, 1:200, 
and 1:400. Also at weekly intervals, 5 ml. of 
blood was obtained under aseptic conditions from 
the anterior vena cava, put into culture bottles 
containing approximately 40 ml. of tryptose 
broth, and incubated at 37 C. for two weeks. Sub- 
eultures from broth were made at five to seven 
days by withdrawing 1 ml. of the blood-broth 
mixture and using this to inoculate a plate of 
tryptose agar. Second subcultures were made at 
the end of the two-week period. Two pigs (those 
given Br. melitensis strain 1) were killed 65 days 
after exposure. The remaining 6 (exposed to 
strains 2-4) were killed approximately 100 days 
after exposure. 


At necropsy, the following tissues were cultured 
for Brucella: lymph nodes (popliteal, prefemoral, 
superficial inguinal, internal iliac, gastrohepatie, 
mesenteric, mandibular, and cervical); kidneys, 
liver, spleen, heart, lung, uterus, and ovaries. Cul- 
turing was done by smearing the cut surfaces of 
the tissues on individual plates of tryptose agar. 
The plates were then incubated at 37 C. in a nor- 
mal atmosphere for one week. These culture 
techniques and isolations were performed at Pur- 
due University. 

Second Experiment—Exposure of Swine to Bru- 
cella Melitensis Via the Subcutaneous and Intra- 
venous Routes.—Two shoats were used for each of 
the four strains of Br. melitensis and were inoeu- 
lated subcutaneously in the left groin. At the same 
time, 2 additional shoats per strain were given 
similar doses of each of the organisms via the 
anterior vena cava. The cultures and method of 
preparation for inoculation were the same as 
those used in the group exposed orally. 

A schedule of weekly blood samples for culture 
and agglutinin response was followed for a total 
of 16 weeks and then at biweekly intervals until 
termination of the experiment. Pigs inoculated 
subcutaneously were killed five months after ex- 
posure and those inoculated intravenously, ap- 
proximately nine months after exposure. The 


TABLE 2—Summary of Isolations of Brucella Melitensis from Experimentally Infected Pigs 


Bact i 
Pig Strain Exposure route* Times positive/ bacteremia observation———— 
No. No. and inoculum times cultured (days) (days) Titer Culture 
Gilt 1 1 Oral: 
7.1 X 10° 0/8 0 65 Negative Br. melitensis No. 1 
Gilt 14 2 Subcutaneous: 
62.0 x 10° 1/18 15 154 1:50 Negative 
Intravenous: 
Gilt 9 1 102.0 x 10° 12/26 134 265 1: 200 Br. melitensis No. 1 
Barrow 11 5.1 x 10° 7/26 59 265 1:50 Negative 
Gilt 13 2 62.0 x 10° 6/26 89 265 1:50 Negative 
Barrow 15 3.1 x 10° 7/26 89 265 1:50 Br. melitensis No. 2 
Gilt 17 3 64.0 K 10° 8/26 111 265 1: 400 Br. melitensis No. 3 
Barrow 19 3.2 K 10° 4/26 51 265 1:100 Negative 
Gilt 21 4 72.0 x 10° 7/26 119 265 1: 400 Negative 
Barrow 23 3.6 x 10° 6/26 97 265 1:25 Negative 


* For each exposure route 8 pigs were used. 
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organs and tissues cultured for Brucella at nec- 
ropsy corresponded to those of the group exposed 
orally. Necropsy and culture of tissues of the pigs 
exposed subcutaneously were carried out at Pur- 
due University. Of the group exposed intrave- 
nously, necropsy was performed at Purdue Uni- 
versity and the tissues were transported under 
refrigeration to the National Institutes of Health 
(N.1.H.) for culture. The techniques employed at 
N.I.H. were similar to those used at Purdue, with 
the exception that trypticase soy agar was used as 
the culture medium and, since this was the ter- 
minal experiment, a more rigorous effort was made 
to recover Brucella, including in some instances 
the preparation of pooled lymph node homogenates 
and their culture both by direct plating and by 
guinea pig inoculation. 


RESULTS 


Infectivity for Swine——The exposure 
dose, agglutinin response, and culture re- 


sults of pigs exposed orally are shown 
(table 1). Corresponding data for pigs 
exposed by subcutaneous and intravenous 
inoculation are shown (graph 1). A com- 
posite table (table 2) summarizes results 
obtained on animals from which Brucella 
was recovered at any time after exposure 
by any of the routes employed. 

In only 1 pig of the 8 exposed orally was 
infection established, as determined by iso- 
lation of Br. melitensis 65 days after ex- 
posure. The degree of infection was slight ; 
bacteremia was not demonstrated and the 
agglutinin response was negligible. Based 
on agglutinin response, 6 of the remaining 
7 pigs in this group showed evidence of 
exposure to Brucella. The single exception 
was the animal given the smallest exposure 
dose. 
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Of the 8 shoats exposed subcutaneously, 
bacteremia was demonstrated in only 1 
animal, 14 days after exposure to an esti- 
mated 62 billion organisms of strain 2. All 
of the pigs in this group, however, did de- 
velop Brucella agglutinins to a significant 
titer, and of the 4 pigs given the heaviest 
inoculum, 3 had demonstrable agglutinins 
when killed approximately 5 months after 
exposure. Brucella was not recovered from 
any of these animals at necropsy, and no 
lesions were found. 

Infection was established in all of the 8 
shoats exposed intravenously. The range 
of duration of Br. melitensis bacteremia 
was from seven to 18 weeks, and the num- 
ber of positive hemocultures from each pig 
varied from a minimum of four to a maxi- 
mum of 13. Although no positive blood 
cultures were obtained after the eighteenth 
week, significant agglutinin titers were de- 
monstrable until they were killed, 36 weeks 
after exposure. They showed no marked 
clinical signs of disease and the only gross 
lesions were enlarged lymph nodes. 

At necropsy, Br. melitensis representing 
strains 1, 2, and 3 was recovered from the 
lymph nodes of 3 pigs (table 3). Recovery 
of Br. melitensis strain 1 was from gilt 9, 
and the isolations were made by direct cul- 
ture from the bronchial, iliac, cervical, and 
mandibular lymph nodes. Brucella meliten- 
sis strain 2 was isolated by direct culture 
from the bronchial node of barrow 15. Bru- 
cella melitensis strain 3 was not isolated by 
direct culture of individual lymph nodes 
of gilt 17; however, lymph nodes from this 
animal were trimmed of fat and pooled 


and a homogenate was prepared using the 
Waring blendor. From the homogenate, 
Br. melitensis was isolated by plating to 
trypticase soy agar. Recovery was not made 
by guinea pig inoculation of aliquots of 
this homogenate. A similar technique was 
used for the tissues of barrow 19 (also ex- 
posed to strain 3) and for the tissues of 
both pigs inoculated with strain 4 (gilt 21 
and barrow 23), but Brucella was not 
recovered. 

Characteristics of Brucella Isclated from 
Experimentally Infected Swine.—aA total 
of 80 isolations of Brucella were made 
from 10 pigs which were exposed orally, 
subeutaneously, or intravenously to one of 
four strains of Br. melitensis. A total of 
59 isolations represented recovery by hemo- 
culture, and the remaining 21 were iso- 
lated from lymph nodes at necropsy. 

Each isolation was treated as an indi- 
vidual culture and examined in parallel 
with cultures representing the four parent 
strains. Characteristics studied included 
colonial morphology, serology, dye sensi- 
tivity, hydrogen sulfide production, and 
urease activity. 

A period of two years elapsed between 
the time the first pigs were exposed and 
the last isolation was made. Cultures were 
typed promptly as they were isolated; 
consequently, a number of batches of me- 
diums and test reagents were used to ob- 
tain the data necessary for typing all 
isolates. Variations in test results which 
might be attributed to differences in me- 
diums and test reagents were kept to a 
minimum by strict adherence to standard 


TABLE 3—Cultural Characteristics of Four Strains of Brucella Melitensis, Before and After 
Residence in Swine 


Urease 
Growth on dye media activity Test for HeS 
Strain Source of Days resident Colony Thionine Basic fuchsin time* production 
No. isolate in swine type 1: 80,000 1: 80,000 (hours) (5 days) 
Stock 0 ~ 5-6 N-T 
1 Mandibular node 
of gilt 1 65 8 ++++ t-? 5-6 N-T 
Iliac node 
of gilt 9 265 Ss ++4+++ ++ 5-6 N-T 
Stock 0 3 N-T 
2 Bronchial node 
of barrow 15 265 Ss +44 ++++ 3 N-T 
Stock 0 3 N-T 
3 Lymph node pool 
from gilt 17 265 3 N-T 
Stock 0 SI +++ 4+ 3 N-T 
4 Blood culture 
from gilt 21 119 SI +++ +++ 3 N-T 


S = smooth, SI = smooth intermediate, N = none, T = trace. 
* Time in hours for positive test using Bauer's method. 
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test procedures; t.e., age and physiological 
state of culture, type of basic medium, the 
use of a single lot of certified dyes, and age 
of dye plates. The variable which was 
most difficult to control was in the results 
of tests for hydrogen sulfide production as 
new batches of liver infusion agar were 
prepared. However, in all instances in 
which a culture produced blackening of the 
lead acetate strip, the same degree of 
blackening was produced by the parent cul- 
ture, which had been tested in parallel. 
Had this control not been included, the 
apparent change in ability to produce HS 
may have been falsely attributed to enzy- 
matic change consequent to exposure to the 
tissues of swine. 

Culture and typing characteristics of 
each of the four strains, before and after 
maximum residency in swine, are listed 
(table 3). Although the table includes 
only results of tests made after maximum 
residency in swine for each strain, all cul- 
tures isolated were tested and in no in- 


stance was there alteration even in indi- 
vidual strain peculiarities. 

The infectivity for guinea pigs of iso- 
lates representing the longest period of 
residency in swine for each strain is given 
(table 4). In the case of strain 1, the path- 
ogenicity of two isolates was measured; 
one from a pig exposed orally and one 
from a pig exposed intravenously. In- 
cluded in the table are data obtained for 
each parent strain prior to use in the ex- 
perimental study. 

Discussion 

The interhost transmissibility of the spe- 
cies of Brucella has not received attention 
commensurate with its importance. While 
it is true that for each of the recognized 
species of Brucella there is a primary and 
principal animal host, careful investiga- 
tions have revealed that animals other than 
those principally concerned may be natu- 
rally infected with the other species, and 
thus may serve as sources of infection not 


TABLE 4—The Effect of Hog Passage on the Infectivity for Guinea Pigs of Four Strains of 
Brucella Melitensis 


Guinea pig 
infectivity 


Strain Source of Days resident Inoculum (No. infected / 
No. isolate in swine (viable count) No. inoculated ) 
Stock (before expo- 1,500 9/9 
sure to swine) 0 150 7/10 
15 6/9 
1 0/10 
1 Mandibular node 1,500 10/10 
of gilt 1 65 150 9/10 
15 4/10 
1 1/10 
lliac node 2,700 10/10 
of gilt 9 265 270 10/10 
27 4/10 
2 3/10 
Stock (before expo- 
sure to swine) 0 850 10/10 
85 10/10 
8 9/9 
2 Bronchial node of 3,300 9/10 
barrow 15 265 330 10/10 
33 7/10 
3 0/10 
Stock (before expo- 4,000 10/10 
sure to swine) 0 400 8/10 
40 7/10 
4 4/10 
3 Lymph node pool 3,200 10/10 
from gilt 17 265 320 10/10 
32 7/10 
3 4/10 
Stock (before expo- 1,700 9/10 
sure to swine) 0 170 8/10 
17 4/10 
1 0/10 
4 Blood culture 1,600 7/10 
from gilt 21 119 160 4/10 
16 3/10 
1 0/10 
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only for other animals but also for man. 

Several workers have reported what they 
consider to be instances of species trans- 
formation of Brucella which they have at- 
tributed to residency in animal tissues 
other than that of the natural host. A 
comprehensive critique of this thesis has 
been presented recently by McCullough 
and Beal.'* In such instances, the alleged 
transformations have been to that of the 
species most commonly known to produce 
natural infection in the animal under ob- 
servation. Thus, the most plausible ex- 
planation for isolation of a species of 
Brucella other than that inoculated (the 
basis for reports of in vivo species trans- 
formation) is either latent or subsequent 
infection. 

In the present study, four strains of 
Br. melitensis (Mediterranean type) were 
maintained as long as 265 days in swine, 
and multiple and repeated isolations 
throughout the interval yielded cultures 
which, upon careful examination, showed 
no alteration in character over that pos- 
sessed before such exposure. It may be 
argued that passage through a series of 
swine may have resulted in alteration of 
the Mediterranean type of Br. melitensis 
to the American type; however, in the 
instances in which species alterations were 
reported, the reputed transformations oc- 
curred without such passage and after 
comparatively brief periods of residency 
in the aberrant host. Repeated passages 
were made in the studies of Cameron and 
Meyer,® Gilman et al.,’ and Doyle,® and no 
alteration in species characteristics was 
observed. 

It is not known how long brucellosis due 
to the American type of Br. melitensis has 
existed in the United States. Although 
human cases, some of which occurred in 
1943, were first reported in 1945,1 Huddle- 
son, in August of 1933, had typed a cul- 
ture isolated by Feldman from a_ bone 
lesion of a hog in Minnesota and classed it 
as Br. melitensis on the basis of HoS and 
dye reactions. Subsequently, this organ- 
ism '* was shown to possess high urease 
activity such as is characteristic of the 
American type. 

The geographic distribution of the 
American type of Br. melitensis is not ac- 
curately known. However, the organism 
has been isolated either from swine, from 
packing plant workers, or farmers exposed 


to swine in Colorado, Illinois, Indiana, 
Iowa, Massachusetts, and Minnesota. It 
may be presumed that if every culture of 
Brucella isolated were carefully typed and 
classified (without prejudice to its source), 
the American type of Br. melitensis would 
be found to occur in many more areas than 
have yet been reported. 

From data presented here, there is no 
evidence that the Mediterranean type of 
Br. melitensis becomes converted to the 
American type as a result of residency in 
the tissues of swine. In addition, there is 
no evidence that the enzyme urease deter- 
mines the pathogenicity of Brucella for 
swine. The strain which appeared to have 
the greatest infectivity for pigs was culture 
1, which was least active as a producer of 
urease. 

The results obtained in the present study 
appear to be entirely similar to those which 
Hoerlein * observed with the American 
type. While our observations were limited 
to a small number of subjects, the disease 
was similar to that reported by many 
workers for experimental infection with 
Br. suis. 


SUMMARY 


Shoats were exposed to four strains of 
Brucella melitensis (Mediterranean type) 
by spraying suspensions of organisms into 
the throat, and by subcutaneous and intra- 
venous injection. Low agglutinin titers 
developed in 7 of the 8 pigs exposed orally, 
but bacteremia was not demonstrated and 
in only 1 pig was Br. melitensis isolated at 
necropsy 65 days after exposure. 

Of the 8 shoats exposed subcutaneously, 
bacteremia was demonstrated in only 1 
animal, 14 days after exposure, but signifi- 
cant agglutinin titers developed in all 8 
pigs. Of those given the largest inoculum, 
3 had demonstrable agglutinin titers at 
time of necropsy five months after expo- 
sure, but Brucella was not recovered from 
any of the group at that time. 

Infection was established in all of the 
8 shoats exposed intravenously, with bac- 
teremia ranging in duration from seven to 
18 weeks. Significant agglutinin titers 
were still present when the animals were 
killed, 36 weeks after exposure. At nec- 
ropsy, Br. melitensis was recovered from 
the lymph nodes of 3 pigs. 

No alteration in species characteristics 
or in individual strain peculiarities was 
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observed at any time, nor was infectivity 
for the guinea pig changed by prolonged 
residency in swine. 
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A Study of a Site in Arizona Where a Dog Apparently Acquired 
a Coccidioides Immitis Infection 


KEITH T. MADDY, D.V.M., M.P.H. 


Phoenix, Arizona 


ONLY A FEW PROJECTS have resulted in the 
isolation of Coccidioides immitis from soil. 
Such studies yield useful ecological data. 

On Aug. 25, 1955, a family of two adults 
and three children, who had recently moved 
to Phoenix, Ariz., from the Midwest, took 
their 7-month-old Boxer pup with them on 
a picnic near Cactus, Ariz. The dog had 
been kept indoors almost constantly until 
then, but on this trip was active, running, 
digging, and inhaling for animal scents at 
many rodent burrows. 

Eleven days later, the dog developed a 
fever and a cough. This was followed by 
anorexia, loss of weight, and diarrhea. 
When this condition did not respond to 
antibiotic therapy, coccidioidomycosis was 
suspected by the attending veterinarian. 
The coccidioidin test resulted in a 7-mm. 
indurated wheal and, when repeated three 
weeks later, the induration was 28 mm. 
The precipitin test was positive. Dissemi- 
nation became evident early in November 
and the dog was euthanatized on Nov. 28, 
1955. There were gross visible lesions in 
the lungs, liver, spleen, kidneys, and peri- 
eardium. Sporangia were demonstrated in 
lesion exudate, and C. immitis was recov- 
ered by culture methods. 

When the diagnosis became definite, the 
owner and his family were advised that 
they also might have been exposed to the 
fungus, but they declined physical exami- 
nations and skin tests. None had devel- 
oped any illness by December, when they 
moved from the vicinity. 

The picnic site was visited and was found 
to have typical flora and fauna for the 


From the Coccidioidiomycosis Study Project at Phoe- 
nix, Ariz.; Arizona State Department of Health and the 
Communicable Disease Center, Public Health Service, 
U.S. Department of Health, Education and Welfare of 
Atlanta, Ga., cooperating. 

Dr. Maddy is with the Communicable Disease Center, 
Public Health Service, U.S. Department of Health, Edu- 
cation and Welfare, Atlanta, Ga., and is assigned to the 
Arizona State Department of Health Coccidioidomycosis 
Study Project. 

Presented at the Epidemic Intelligence Service Confer- 
ence of the U.S. Public Health Service at Atlanta, Ga., 
May 14, 1958. 


central Arizona desert (fig. 1). This paper 
reports on soil sampling, soil and air tem- 
perature determinations, as well as the 
rainfall for the area. 


MATERIALS AND METHODS 


Soil Sampling—A total of 261 soil samples 
was collected, beginning Nov. 10, 1955. Specimens 
from ten similar sites made up each sample (fig. 
2), which filled a pint-sized paper carton three 
quarters full. Surface specimens were collected 
by using the cartons as digging tools. Deeper sites 
were first exposed by a small shovel which was 
placed in isopropyl alcohol after each use. 

The soil in each carton was well mixed and 
taken to the laboratory, where about 10 Gm. of 
the soil was suspended in 30 ml. of physiological 
saline solution (NaCl, 0.85%). This suspension 
was thoroughly mixed and was allowed to settle 
until the supernatant fluid was only slightly 
muddy. Using a pipette, 4 ml. of the supernatant 
fluid was drawn off and placed in a test tube. To 
this was added 1 ml. of saline solution containing 
20,000 units of penicillin and 4,000 units of strep- 
tomycin. This was mixed and allowed to stand at 
least one hour. The contents of the tube were 
drawn into a 5-ml. syringe and 1.25-ml. aliquots 
were injected intraperitoneally into each of 4 
mice. 

All mice that died prior to 30 days were exam- 
ined for sporangia of C. immitis if gross lesions 
were found. After 30 days, the rest of the mice 
were killed and examined for sporangia if gross 
lesions were found. 

If sporangia were found, four tubes (15 x 125 
mm.) of Sabouraud’s dextrose agar were inocu- 
lated per mouse with a mixture of the lungs, liver, 
spleen and kidneys. Four tubes have been found 
more likely than a single tube to reveal a minimal 
infection. Confirmation consisted of gross and 
microscopic examination of the culture. 

If no lesions were found, the lungs, liver, spleen, 
and kidneys were mashed together and were used 
for an inoculum for four tubes of Sabouraud’s 
dextrose agar per mouse. These were incubated at 
97 F. for six weeks. Any suspicious growth was 
examined grossly and microscopically and, if it 
appeared to be C. immitis, it was mixed with 4 ml. 
of saline solution and 1 ml. was injected intra- 
peritoneally into each of 4 mice. Final confirma- 
tion consisted of finding sporangia in the tissues 
of these mice. They were held for 30 days, unless 
they died sooner. 
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TABLE 1—Summary of Collection of Soil Samples from a Site Near Cactus, Arizona and the 
Yield of Coccidioides Immitis 


Types of soil samples (10 sites per sample) 


Not near rodent burrows 


From rodent burrows 


Sampling Sur- 6 in. 12 in. Sur- 6 in. 12 in. 
dates face deep deep face deep deep Totals 
Nov. 10, 1955 0/0 0/0 0/0 0/0 1/4 0/0 1/4 
Nov. 27, 1955 0/7 0/5 0/2 5/9 4/7 0/2 9/31 
Mar. 10, 1956 0/1 0/1 0/1 0/3 1/2 0/2 1/10 
May 23, 1956 0/1 0/1 0/1 0/2 0/2 0/1 0/8 
July 14, 1956 0/2 0/2 0/2 0/6 0/4 0/4 0/20 
Aug. 22, 1956 0/1 0/1 0/0 0/2 0/2 0/2 0/8 
Sept. 10,1956 0/2 0/2 0/2 2/4 2/5 0/5 4/20 
Nov. 28, 1956 0/1 0/1 0/0 0/2 0/2 0/1 0/7 
Mar. 15, 1957 0/1 0/1 0/1 0/3 0/2 0/2 0/10 
May 20, 1957 0/1 0/1 0/1 0/3 0/2 0/2 0/10 
July 5, 1957 0/2 0/2 0/2 0/10 1/10 1/9 2/35 
Aug. 10, 1957 0/1 0/1 0/1 0/3 0/2 0/2 0/10 
Sept. 3, 1957 0/2 0/2 0/2 4/10 2/10 3/10 9/36 
Dec. 18, 1957 0/2 0/2 0/2 1/16 3/15 0/15 4/52 
Totals 22 0/17 12/73 14/68 4/57 


0/24 0/% 


30/261 


Numerator = No. of positive samples, denominator = No. of samples. 


Soil and Air Temperature Determinations.— 
The air temperature was determined with a liquid- 
in-glass type thermometer in a louvered box." The 
soil temperatures were taken by inserting the bulb 
of a liquid-in-glass type thermometer into the 
desired site, while insulating the remainder of the 
thermometer. 

Precipitation Determinations.-—-The monthly fig- 
ures were obtained from the U.S. Department of 
Commerce Weather Bureau station at the Phoenix 
airport, 14 miles southeast of the site under 
study.” 


RESULTS 


Soil Sampling—From Nov. 10, 1955, 
through Dee. 18, 1957, 261 soil samples 
(representing soil from 2,610 different 
sites) were collected, and 30 (11.5%) 
yielded C. immitis. Samples of soil, 24 


Fig. 1—The site where 
the study was conducted. 
The creosote bush Larrea 
tridentata is the predomi- 
nant bush in the area. 


taken at the surface, 22 from 6 inches deep, 
and 17 from 12 inches deep, collected at 
least 3 ft. from rodent burrows, were all 
negative. However, 12 of 73 (16.4%) sur- 
face samples, 14 of 68 (20.6%) 6-inch-, and 
four of 57 (7.0%) 12-inch-deep samples 
taken directly from rodent burrows were 
positive. All the specimens found to be 
positive were collected in the September 
through December period, with the excep- 
tions of one March and one July speci- 
men in the 6-inch-deep samples and one 
July sample in the 12-inch-deep samples 
(table 1). 

Soil and Air Temperature Determina- 
tions—During 1957, on one day each 
month, a set of temperatures was taken at 
5 a.m., 11 a.m., 5 p.m., and 11 p.m. A day 
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was selected if the temperatures of the 
official forecast were to be close to the 
average for that month. If the actual 
maximum air temperature was within 2 
degrees of the normal average maximum 
for the month, that set of temperatures was 
used; otherwise another set was collected. 
These temperatures are recorded (table 2). 

Precipitation—The monthly precipita- 
tion figures are recorded (table 3). 


DIscussION 


An over-all analysis of the climate and 
the relationship of the endemic area to the 
Lower Sonoran Life Zone has been pre- 
sented elsewhere.1:*-!° A number of un- 


published soil-sampling studies by the Ari- 
zona State Department of Health indicate 
that this fungus can only be isolated from 
desert soil. Even in the desert, positive 
sites seem to be miles apart. 

In this study, the findings of the positive 
samples in animal burrows correspond to 
the studies of others.’-* It is surmised that 
the burrow provides a better environment 
for the fungus than other sites in the desert 
soil. Perhaps the rodent manure provides 
enough extra nitrogen to help the fungus 
grow more abundantly. 

The daytime summer temperatures, par- 
ticularly of the soil closer to the surface, 
are revealing. They are believed to be too 


TABLE 2—Temperatures at Site Near Cactus, Arizona, Involved in a Coccidioides Immitis 
Ecological Study 


1957 Temperatures (F.) 


Hour Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov Dee. 

taken 21 5 18 20 23 7 9 18 20 16 6 22 Average 
AIR TEMPERATURES 

5 a.m, 83 89 46 54 68 72 79 78 77 72 51 42 59 
11 a.m. 57 64 71 81 91 94 95 96 89 87 75 65 80 

5 p.m, 54 55 62 68 85 100 102 101 98 84 65 56 78 
11 p.m. 50 52 58 63 68 73 86 76 70 66 58 51 64 
Average 49 53 59 67 78 85 90 88 84 77 62 51 70 
Sor, TEMPERATURES % INCH BELOW SURFACE 

5 a.m, 27 34 50 56 72 73 79 76 76 64 49 38 58 
11 a.m. 57 99 103 105 131 146 153 151 138 131 105 88 117 

5 p.m. 48 51 68 77 98 138 154 145 136 99 62 49 94 
11 p.m. 41 42 54 56 72 73 92 86 83 70 55 42 64 
Average 43 57 69 74 93 108 120 115 108 91 68 54 83 
Soir, TEMPERATUTES 2% INCHES BELOW SURFACE 

5 a.m. 386 38 51 57 73 75 81 80 79 76 54 89 62 
11 a.m. 49 50 70 83 109 115 120 118 111 100 65 50 87 

5 p.m. 49 50 67 81 95 111 119 121 115 94 65 50 85 
11 p.m, 45 44 58 58 81 81 96 93 91 82 58 43 69 
Average 45 46 62 70 90 96 104 103 99 88 61 46 76 
Sort TEMPERATURES 6 INCHES BELOW SURFACE 

5 a.m. 44 46 55 59 81 81 86 85 84 80 60 47 67 
11 a.m. 45 48 58 68 83 83 105 104 103 82 61 49 74 

5 p.m. 49 49 67 77 88 90 110 109 108 94 67 49 80 
11 p.m. 46 47 58 66 86 87 97 96 94 85 63 48 73 
Average 46 48 60 68 85 85 100 99 97 85 63 48 74 
Som TEMPERATURES 1 INCH DEEP IN RoDENT BuRROW 

5 a.m, 32 36 51 57 73 74 80 79 77 68 51 38 60 
11 a.m. 53 78 84 91 116 123 136 133 121 113 78 73 93 

5 p.m. 49 58 79 96 97 116 131 133 124 97 73 49 92 
11 p.m. 43 49 57 65 78 79 93 92 85 83 71 42 70 
Average 44 55 68 77 91 98 110 109 102 90 68 51 79 
Sor. TEMPERATURES 6 INCHES DEEP IN RODENT BURROW 

5 a.m. 45 47 56 64 71 80 86 81 76 70 59 43 65 
11 a.m, 51 53 68 73 83 86 98 96 93 79 66 49 75 

5 p.m, 52 54 65 69 84 93 98 96 95 84 67 53 76 
11 p.m. 49 49 57 65 73 81 88 82 76 71 60 49 67 
Average 49 51 62 68 78 85 93 89 85 76 63 49 71 
Soi, TEMPERATURES 12 INCHES DEEP IN RODENT BURROW 

5 a.m, 45 48 56 65 72 82 88 87 79 71 61 45 67 
11 a.m, 49 51 66 70 81 84 92 90 89 81 69 48 73 

5 p.m, 50 53 67 72 83 86 94 91 89 84 70 48 74 
11 p.m, 48 48 57 68 79 82 90 84 82 76 61 47 69 
Average 48 50 62 69 79 84 91 88 85 78 65 47 71 
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Figures are taken from records of the U.S. Department of Commerce Weather Bureau Station at the 


1959 Sire WHERE A Doe Acquirep CoccipiomwEs ImMMitis INFECTION 645 
TABLE 3—Precipitation in Inches by Months for the Years 1954-1957 
Months Average 
Years Jan. Feb. Mar. Apr. May June July Aug. Sept Oct. Nov. Dec. Totals month 
1954 0.88 0.58 1.22 0.02 0.11 0.02 0.36 0.55 0.44 O12 T* 0.01 4.31 0.86 
1955 2.41 0.09 T T 0.02 0.95 4.19 1.80 .y 0.13 0.05 0.18 9.82 0.82 
1956 0.67 0.64 0.00 0.03 T 0.01 0.92 0.46 0.02 0.06 0.00 0.01 2.82 0.24 
1957 1.57 0.21 0.53 0.12 0.43 0.26 0.72 0.85 0.00 2.66 0.02 0.23 7.60 0.68 
Average 
(1954-1956) 1.38 0.88 0.44 0.04 0.14 0.81 1.55 0.92 0.32 0.74 0.02 0.11 614 0.51 
Mean 
(1900-1955) 0.82 0.78 0.66 0.40 0.13 0.08 1.02 1.07 0.78 0.41 0.65 0.85 


7.65 


Phoenix Municipal Airport, which is 14 miles southeast of the site involved in the Coccidioides immitis study. 


The altitude and terrain are similar. 
*T = trace. 


high for the fungus to live for many days. 
The two positive specimens were secured 
a few days after a shower, which could 
possibly have started fungal growth from 
dormant spores or mycelia still living in 
the deeper soil. 

However, the summer temperatures in 
the rodent burrow at the 6-inch depth are 
in a range that is believed to be favorable 
to the fungus. It is not surprising that 14 
of the 30 positive samples were from this 
type of location. 

The summer to early fall daytime tem- 
peratures at the surface of the rodent bur- 
row (table 2) seem too high for the fungus 
to survive long. 

At no time was an air temperature and 
only once was a soil temperature recorded 
that was below freezing. 


This area has two rainfall seasons, one 
from November to March, the other in July 
and August (table 3). 


CONCLUSIONS 

It is surmised that the period of April 
into July is a period in which the high soil 
temperatures and low moisture content de- 
stroy much of the surface microflora of 
the desert. When the rains come in July 
and August, the few spores or mycelia of 
C. immitis that are still viable start new 


growth. This results in soil which is more 
infective in the early autumn than at any 
other time of the year. 

Dust storms are common in the fall in 
this area, and more cases of coccidioido- 
mycosis are reported in man and animals 
at this time of the year. 


Fig. 2—Collection of soil samples from rodent burrows, almost all of which are around the 
bases of creosote bushes. 
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When buildings are constructed in the 
endemic area, the soil in certain areas can 
provide a heavy infection potential when 
it is graded, shoveled, pushed, and blown 
about, particularly in the fall of the year. 


SUMMARY 


A site in the Arizona desert where a 
dog apparently acquired coccidioidomycosis 
was studied for two years. Soil samples 
24 from the surface, 22 from the 6-inch 
depth, and 17 from the 12-inch depth, 
all from areas not near rodent burrows, 
collected at intervals over a two-year period 
were all negative for Coccidioides immitis. 

Of soil samples collected directly from ro- 
dent burrows, 12 of 73 from the surface, 14 
of 68 from the 6-inch depth, and four of 57 
from the 12-inch depth yielded C. immitis. 
Almost all positive samples had been col- 
lected in the September through December 
period. Surface soil temperatures were too 
high in the early summer to be favorable 
for the growth of many microorganisms. 

The greater number of human and ani- 
mal cases of cocecidioidomycosis was re- 
ported in this area in the fall, following 
the late summer rains. 
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Cataracts in Chickens with Lymphomatosis 


R. H. RIGDON, M.D. 


Galveston, Texas 


CONSIDERABLE INTEREST in the eye has oc- 
eurred since Gregg,® in 1941, demonstrated 
a high incidence of malformations in in- 
fants whose mothers had rubella during the 
early months of pregnancy. Cataracts were 
one of the abnormalities considered to re- 
sult from this virus infection. Cataracts 
may follow distemper in pups, especially 
when they are affected before or immedi- 
ately after weaning." 

Blattner et al.» have observed defective devel- 
opment of the lens in chicken embryos infected 
with Neweastle disease and the influenza A viruses. 
Ocular lesions have occurred in chickens infected 
with the virus of lymphomatosis.** In these 
chickens there is an iritis and iridocyelitis charac- 
terized by an infiltration of lymphocytes. The iris 
frequently shows a depigmented circle around the 
pupil, synechiae are present, and the pupil often 
becomes constricted. In extreme eases, the pupil 
may disappear completely. One or both eyes may 
be involved. Nelson and Thorp” reported that 
‘‘no involvement of the lens itself has been ob- 
served microscopically’’ in ocular lymphomatosis. 
Findlay and Wright did not report any involve- 
ment of the lens in their study of ocular lesions in 
epizootic blindness of fowl. 

In 1944, DeVolt * observed cataracts in 9 chickens 
in a flock of 50. In most eases, the opacities were 
bilateral and varied in degree from a slight cloud- 
ing to a distinet grayish-white patch located near 
the center of the lens. Lenses that were removed 
and fixed showed a tendency to liquefaction in 
the cataract zone. DeVolt* suggested that two 
causative factors could be considered: first, a 
strong light; second, a ration altered by wartime 
conditions. 

In 1958, Flowers et a reported the occurrence 
of cataracts and iridocyclitis in association with 
encephalomyelitis in several flocks of chickens. The 
incidence of cataracts was 35 per cent in some 
flocks. The blindness usually was bilateral. Oc- 
easionally a bird also showed either bilateral leg 
weakness or a tremor of the head and neck. At- 
tempts to isolate a virus were unsuccessful. Patho- 
logical changes, characterized by lymphocytic in- 
filtration, were present in the iris, ciliary body, and 
about the canal of Schlemm. Lymphocytic infiltra- 
tion also occurred in the brain and spinal cord. 
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Necrosis was present in the lens, and lymphoid 
hyperplasia was evident in the viscera of some 
chickens. 

The virus of lymphomatosis is known to 
be transmitted to the embryo through the 
egg, and also directly from chick to chick.* 
Recently, an opportunity oceurred in our 
laboratory for study of cataracts in 
chickens apparently infected with the virus 
of lymphomatosis. The experimental ob- 
servations are reported here. 


MATERIAL AND METHODS 


The hen (11960) with the original cataract was 
a normal-appearing, single-combed White Leghorn, 
approximately 1 year old when received from the 
Poultry Department of Texas A. & M. College with 
15 other hens and 2 roosters of similar breed. A 
cataract in the left eye was first observed several 
weeks after she was received. She was mated when 
approximately 18 months old and kept under ob- 
servation until killed 18 months later. 


The White Leghorn male (1266), 7 months old 
when mated with this female, was 1 of the chickens 
hatched from the original group of 16 hens. His 
eyes were grossly normal at the time of the mat- 
ing; the pupils were first observed to be slightly 
irregular when he was 498 days old. He was ob- 
served until killed 258 days later. 

The eggs were collected each day and put into 
the incubator. The 29 chicks which hatched were 
kept in small batteries and pens with others of 
similar age. The older birds were isolated in indi- 
vidual cages and, when mated, were put into a 
small pen. They were fed a commercial ration. The 
eyes were examined routinely with a dissecting 
microscope and some with an ophthalmoscope. 
When the chickens died or were killed, the eyes 
were removed and usually photographed. They 
were cut transversely, and the inner surfaces were 
examined with the dissecting microscope. Some 
were examined with a polarizing microscope. Par- 
affin sections were prepared for histological study. 
Viscera from some of the chickens were studied. 
Sections were stained routinely with hemotoxylin 
and eosin. Selected sections were stained by the 
Mallory aniline blue and the periodic acid-Schiff 
techniques. 


RESULTS 


The genealogy of first-generation chickens 
that developed eye abnormalities is shown 
(chart 1). Of the 29 chickens from the 
first mating, 8 developed an iritis; 6 of 
these also had irregular pupils and 5 had 
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cataracts. An irregular pupil was first ob- 
served after experiment day 121, and the 
last after 196 days. On experiment day 51, 
the right lens of 1 chicken had a local- 
ized area of pigmentation which persisted 
throughout life. Four of the chickens with- 
out eye abnormalities were kept under 
observation for eight to 12 months. 

The cataract in the left eye of the origi- 
nal female (11960) involved approximately 
two thirds of the lens when she was 1 year 
old; a year later, it involved the entire lens 
(fig. 1). Many small crystals were present 


ie 


Fig. 1—Eye of hen 11960, approximately 3 years 

old, showing a cataract involving the greater part 

of the lens; at the age of 1 year, it involved two 
thirds of the lens. 


Fig. 2—Crystals from the cataract shown in figure 

1. The lens was dabbed onto a slide and, after 

drying, it was examined with polarized light. These 

crystals were blue and, when rotated 90 degrees, 

their color changed to yellow. Polarized light; 
x 420. 


Fig. 3—Eye of chicken C-35 with iritis showing a 
typical irregular pupil. 


in the cataract. As the bird aged, cracks 
developed on the anterior surface of the 
cataract. Some excess fluid accumulated in 
the anterior chamber during the later 
months. No indication of an inflammatory 
process was observed in either eye. The 
hen was killed when approximately 3 years 
old and, except for the cataract, seemed 
normal. 


EYE LESIONS 2 ° CATARACTS 

@ IRITIS AND IRREGULAR 
CHICKEN 11960 9 1266 ¢ PUPIL 

- IRITIS 
DEATH APPROX. 1100 DAYS | 756 DAYS AGE IN DAYS AT TIME 
OF DEATH 

DEATH 


Chart 1—Cataracts and iritis in parental and first- 
generation chickens. Of 29 chickens hatched from 
the first mating: 8 were normal and were discarded 
when 142 to 244 days old; 6 died from causes un- 
known when 71, 75, 82, 104, 188, and 189 days of 
age; 3 died from suffocation when 86, 123, and 131 
days old; and 4 killed when 260, 401, 578, and 583 
days old had developed no eye lesions. 


The posterior chamber of the left eye 
was filled with a firm grayish-white mass 
that ‘‘shelled’’ out easily. The anterior 
surface of the mass was flat and the dis- 
torted lens and portions of the iris were 
attached to it. Several irregular cystlike 
spaces, filled with brownish fluid, were pres- 
ent within the ossified mass. Crystals were 
present, some of which were either yellow 
or blue in polarized light and, when ro- 
tated 90 degrees, the color changed from 
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either a blue to yellow or vice versa (fig. 2). 
Lymphocytes were present in the iris and 
ciliary body of both eyes. The lens from 
the left eye was not studied histologically ; 
the right was normal. A hemangioma-like 
tumor, 6 cm. in diameter, was present in 
the area of the ovary. 

The eyes of male 1266 were considered 
normal until the 498th day, when the 
pupils were observed to be irregular. Sub- 
sequently, the right anterior chamber be- 
eame cloudy. This male was killed when 
756 days old. The anterior chamber of the 
right eye was cloudy and the pupil was 
irregular (fig. 3). Fibrous adhesions were 
present between the iris and lens on the 
left. Many lymphocytes and a few eosino- 
phils were present in the iris and in the 
anterior chamber of each eye (fig. 4). The 
lens in one eye was normal and the other 


a 
had foeal areas of cystic degeneration 
(fig. 5). 
8 The left pupil in chicken C-24 was ir- 
e regular on experiment day 196, and a 
n month later the right pupil was irregular. 
r Adhesions developed between the iris and 
: lens. This hen appeared weak on the 406th 
e day and was killed. Lymphocytes were 
" present in the iris, ciliary body, and cho- 
4 roid. Degenerative changes characterized 
by vacuolization and fragmentation of the 
lens fibers were present in the right lens. 
_ bac left lens oa —_— th 1 in th Fig. 4—Section of iris of chicken C-1266 showing 
‘ _ Un experiment day , the pupil in the numerous lymphocytes and eosinophils. H & E 
right eye of chicken C-27 appeared fixed stain; x 320. 
t. 
m 
d Fig. 5—Focal area of de- 
n- generation in the lens of 
\f chicken C-1266. This is a 
1 morgagni-type cataract. 
3 Arrows indicate artifacts 
resulting from prepara- 
tion of section. H & E 
stain; x 110. 
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and the anterior chamber was cloudy ; three 
weeks later, the pupil was ellipitical. Focal 
areas of opacity were present in the left 
lens at this time. This chicken died on the 
215th day. Masses of black pigment were 
present on the anterior and posterior sur- 
faces of both lenses. Only one eye was 
studied histologically. There were adhe- 
sions between the iris and the lens. Lym- 
phocytes were present in the iris and the 


Fig. 6—Posterior view of the lens of chicken C-33 
showing masses of pigment on the posterior surface. 


lens was degenerated. The epithelial cells 
in the area of the capsule on the anterior 
surface had proliferated. Irregular spaces 
filled with hyaline-like material and vacu- 
oles were present in the lens. 

The anterior chambers of the right eye 
of chicken C-28 were cloudy on experiment 
day 134. A month later, the pupil in each 
eye was irregular. When killed on the 308th 
day, masses of pigment were present on the 
posterior surface of each lens. Adhesions 
were present between the lens and iris. 
Lymphocytes infiltrated the iris, heart, kid- 
neys, liver, lungs, and testicles. The lenses 
were normal. 

The eyes of chicken C-30 were nommal 
except for a small area of pigment either in 
or on the right lens which was first ob- 
served on day 51. This chicken was killed 
on day 382. The area in the right eye 
resembled a small ball of cotton with 
granules of reddish-brown pigment at- 
tached to it. A few lymphocytes were pres- 


ent in the iris and choroid. No changes 
were observed in the lens. 

Opacities were present in the lenses of 
ehicken C-33 on the 125th day. These pro- 
gressively increased in size and the bird 
appeared completely blind on the 292nd 
day, at which time he was killed. The 
pupils were irregular and the right anterior 
chamber was so cloudy that the pupil could 
not be seen. Small crystals were present in 
the lenses, and pigment partially covered 
both the anterior and posterior surfaces 
(fig. 6). Both lenses were degenerated. The 
center of the left lens was filled with a pink- 
staining granular material and the anterior- 
posterior diameter was markedly decreased 
(fig. 7). The epithelial cells in the capsule 
had proliferated (fig. 8) and fibroblasts 
extended from the capsule down into the 
degenerated portion of the lens (fig. 9). 
Lens fibers were absent in focal areas in the 
right lens. Mononuclear cells were present 
in foeal areas (fig. 11). Eosinophilic-stain- 
ing granules that varied in size were pres- 
ent in the cytoplasm of these mononuclear 


Fig. 7—Sagittal section of lens of chicken C-33 

showing extensive degeneration and a decrease in 

the anterior-postericr diameter. The iris is infil- 
trated with lymphocytes. H & E stain; x 45. 


Fig. 8—Sagittal section of a portion of lens of 

chicken C-33 which is completely liquid. Groups 

of degenerated epithelial cells project inward from 
the capsule. H & E stain; x 85. 
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Fig. 9—Fibroblasts in the capsule of the lens pro- 
liferate and extend into the degenerated lens of 
chicken C-33. H & E stain; x 215. 


Fig. 10—Focal area of degeneration in the lens of 
chicken C-33 with many epithelial cells. H & E 
stain; x 75. 


cells (fig. 12). Many lymphocytes infil- 
trated the iris and ciliary body of both eyes 
and adhesions were present between the 
lens and iris. 

The left pupil in chicken C-35 was ir- 
regular on day 165, and a month later the 
right .was similarly affected. Adhesions 
were present. The anterior chamber of the 
right eye was cloudy when the bird was 
killed on day 303. Focal areas of pigmen- 
tation occurred on the lenses similar to 
those previously described. Many lympho- 
eytes were present in the iris, ciliary body, 
and choroid. Similar cells were present in 
the liver, kidneys, and intestines. The left 
lens had focal areas of cystic degeneration ; 
the right lens was normal. 


CATARACTS IN CHICKENS WITH LYMPHOMATOSIS 


Fig. 11—A higher magnification of the cells shown 
in figure 10. H & E stain; x 535. 


Fig. 12—-Eosinophilic granules are present in the 

cytoplasm of some of the epithelial cells in the 

degenerated lens of chicken C-33. They resemble 
fragments of lens protein. H & E stain; x 535. 


Fig. 13—The detached retina covers the greater 
part of the posterior surface of the lens (A) of 
chicken C-36. 
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Both anterior chambers of chicken C-36 
were cloudy and the pupils were small and 
irregular on day 121. Adhesions subse- 
quently developed between the iris and the 
lens. This bird was killed on day 198. The 


greater part of the retina in the left eye 


was detached (fig. 13). Focal areas of 
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Fig. 14—Chicken C-36 
showing extensive degen- 
eration of the lens (A), 
the iris infiltrated with 
lymphocytes (B), cornea 
(C), chronic inflammation 
in the area of the suspen- 
sory ligament (D), and 
a portion of the detached 
retina (E). H & E stain; 
x 35. 


fibrosis and hyperplastic epithelial cells 
were present along the inner surface of the 
choroid. Fibrous adhesions occurred in the 
area of the suspensory ligament (fig. 14). 
The capsule of the lens was fibrotic along 
the posterior surface. Some of this fibrous 
tissue extended from the capsule into the 


Fig. 15—Eye of chicken 
C-33 showing (A) iris 
with few lymphocytes; 
(B) the completely liquid 
lens; (C) the capsule of 
the lens adhering to the 
iris; and (D) cyst-like 
spaces in the capsule re- 
sulting from a prolifera- 
tion of the epithelial 
cells. H & E stain; x 320. 
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lens. In focal areas, the epithelial cells of 
the capsule were proliferated, appearing 
as a duplication of the lens capsule (fig. 
15). The degeneration within the lens was 
similar to that previously described. The 
granules in the cytoplasm of the cells 
stained dark red with the periodic acid- 
Schiff technique. Lymphocytes and eosino- 
philic leukocytes were present in the iris, 
ciliary body, and choroid. A few lympho- 
eytes infiltrated the optic nerve and har- 
derian gland. No changes were observed in 
the cornea. 

Chicken C-49 was a normal female that 
died on the 329th day, following the local 
application of d-tubocurarine chloride (In- 
tocostrin*) to the eye. Lymphocytes were 
present in the iris and ciliary body. An 
ovarian tumor, 5 em. in diameter, com- 
posed of lymphocyte-like cells was present. 


Discussion 


The clinical and pathological findings in 
this group of chickens are typical of lym- 
phomatosis. In addition to the ocular mani- 
festations, some of the birds showed lym- 
phocytic tumors and an infiltration of the 
viscera with similar cells. Meningoencepha- 
litis and ataxia occurred in some. 

The degree of degeneration in the lens 
varied; usually it was bilateral. The less 
extensive lesions were characterized by ir- 
regular vacuolated areas that did not take 
the eosin stain. The more extensive lesions 
were characterized by liquefaction of the 
entire lens, except for a narrow pink-stain- 
ing zone adjacent to the capsule. Epithelial 
cells in the capsule proliferated in focal 
areas, and fibrous tissue grew from the 
capsule down into the degenerating lens. 

A third or intermediate type of lens de- 
generation was characterized by focal cystic 
areas and vacuolization of the lens fibers. 
In such areas, there were mononuclear cells 
with pink-staining granules of various sizes 
within their cytoplasm. These cells may 
represent degenerating lens epithelium. 
Since there is no vascular system within 
the lens, one would not expect to find 
macrophages originating from the cireula- 
tion to be within a degenerating lens. The 
eosinophilic granules in the cytoplasm mav 
represent only degenerating lens protein 
and not phagocytized material. 


* Intocostrin is produced by E. R. Squibb and Sons, 
Division of Mathieson Chemical Corp., New York, N.Y. 


A lymphocytic infiltration oceurred in 
all ocular structures, including the perior- 
bital fat, muscle, and lacrimal gland. Iritis 
or degeneration of the lens, or both, were 
present in one or both eyes of several 
chickens. The eye lesions were the same, 


except for the degeneration of the lens, as 


Fig. 16—Lens capsule (A) and degenerated lens 

(B) of chicken C-36. Some of the epithelial cells 

in the area of the capsule have PAS-positive gran- 

ules in their cytoplasm. Periodic acid-Schiff; 
x 1296. 


Nelson and Thorp ” described in 1943 as 
being typical for ocular lymphomatosis. 
The lens degeneration was the same as that 
described recently by Bridges and Flowers? 
in chickens with encephalomyelitis. These 
observations support the opinion that a vi- 
rus was the causative agent for these cata- 
racts, as well as for avian lymphomatosis. 

This study indicates that the virus of 
lymphomatosis may enter the lens from the 
fluid within the eye and result in coagula- 
tion necrosis of the fibers. No lymphocytic 
reaction was present in the lens. Blindness 
may result from these cataracts. However, 
birds with iritis may survive for an indefi- 
nite period and appear normal otherwise. 
Retinal detachment and ossification may 
result from this ocular infection. 


SUMMARY 


Ocular lesions are known to oceur in 
chickens infected with the virus of lym- 
phomatosis ; however, degeneration of the 
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lens with typical cataracts apparently has 
not been considered as a characteristic 
manifestation of this infection. 

The lesion in the lens is characterized by 
either a focal or diffuse degeneration. The 
lens fibers apparently undergo coagulation 
necrosis, followed by cyst formation. There 
is no inflammatory reaction associated with 
the degeneration. The epithelial cells in the 
lens capsule may proliferate in focal areas 
and project into the degenerated areas of 
the lens. Fibroblasts in the lens capsule 
may also proliferate and extend into the 
degenerated lens. The retina may become 
detached and, in old lesions, osteoid tissue 
may develop within the posterior chamber. 

The virus may enter the lens from con- 
taminated fiuid present in the anterior 
chamber. Chickens showing this lens lesions 
usually have an associated iritis. Some of 
the birds also show the lesion of visotrophic 
and neurotrophic lymphomatosis. 
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The Effect of Para-Aminobenzoic Acid on the Toxicity of 
3-Nitro-4-Hydroxyphenylarsonic Acid in Chicks and Poults 


F. D. WHARTON, Jr., M.S.; J. C. FRITZ, B.S.; R. B. SCHOENE, B.S.; 
M. J. SMIDT, B.S. 


Chicago, Illinois 


ALTHOUGH THE USE of organic arsenicals 
has been well established in medical prac- 
tice for several hundred years, they became 
factors in the poultry and livestock indus- 
try following the report by Morehouse and 
Mayfield > that the inclusion of certain or- 
ganic arsenicals either in the drinking 
water or the feed of chicks had both a 
coccidiostatie and growth-promoting effect. 
Sinee that time, numerous workers have 
confirmed these findings and extended their 
observations to other species. Frost and 
Spruth ? have prepared an excellent review 
on the feed use of arsenicals. 

Currently, 3-nitro-4-hydroxyphenyl- 
arsonie acid (3-nitro), arsanilic acid, and 
sodium arsanilate are added to feeds for 
growth stimulation; 3-nitro and the tri- 
valent arsenosobenzene are used for cocci- 
diosis control and 4-nitro-phenylarsonic 
acid is used for the prevention and cure of 
blackhead in turkeys. 

Concomitant with the use of 3-nitro in feeds, 
there have been reports of transitory toxicosis in 
poultry and animals given these feeds. Milligan 
et al“ reported that, under commercial conditions, 
broilers fed 45.5 Gm. of 3-nitro per ton of feed 
oceasionally displayed ‘‘an unsteadiness in walk- 
ing on the part of a few individuals.’’ Feed manu- 
facturers frequently receive complaints that birds 
eating feed containing 3-nitro display a slight 
ataxia, incoordination, and a reluctance to walk. 
These signs are accentuated when the birds are 
disturbed. ‘‘Tired legs’’ is a term frequently 
used to describe this condition. 

Sandground and Hamilton” reported the re- 
sults of a series of tests showing the ability of 
para-aminobenzoic acid (PABA) to counteract the 
toxicity of several pentavalent organic arsenicals 
to rats. Furthermore, it was demonstrated ** ” 
that the detoxification of these arsenicals did not 
counteract their trypanocidal effect. 

The toxicity of organic arsenicals limits 
their use both in feeds and as medicaments. 
A method of detoxifying these arsenicals 


From Dawe’s Laboratories, Inc., Chicago, Ill Mr. 


Schoene’s present address is Route 1, Trenton, IIl. 

Presented in part at the 1957 meeting of the American 
Institute of Nutrition (Abstr. in Fed. Proc., 16, 1957: 
1725). 


that did not interefere with their growth- 
promoting and medicinal value would be of 
considerable benefit. Therefore, studies 
were undertaken to determine if a single 
oral dose of PABA would protect chicks and 
poults from an ordinarily toxic dose of 
3-nitro. 


MATERIALS AND METHODS 


Vantress-cross chicks, 4 weeks of age or older, 
with an average weight near 400 Gm., were used 
in the chick studies. In the turkey trials, Broad- 
Breasted Bronze poults, 4 weeks of age or older, 
with an average weight near 1,000 Gm., were used. 
Only birds appearing to be in good health were 
used in the experiments. The diets fed prior to 
the initiation of and during each experiment met 
or exceeded the nutritive requirements established 
by the National Research Council.’ 

All solutions were made up in 1 per cent sodium 
bicarbonate to provide 10 mg. of 3-nitro or PABA 
per milliliter. In some instances, a few drops of 
concentrated sodium hydroxide was added to ob- 
tain complete solution. Wing-banded birds, indi- 
vidually weighed, were given the predetermined 
dose of PABA or 3-nitro, or both, on the basis of 
weight. All solutions were injected into the crop 
with a syringe and a short piece of plastic tubing. 

The arsenical was administered 30 minutes after 
PABA. This time period was based on the obser- 
vation that administration of PABA within a three- 
hour period prior to giving l.d.o of arsanilic acid 
counteracted the toxic effect.’ 

The 3-nitro was given to chicks at levels of 100 
and 200 mg. per kilogram of body weight and to 
poults at levels ranging from 20 to 80 mg. per 
kilogram. The PABA was given at the same level 
as the subsequent dose of 3-nitro, based on the 
report of Sandground and Hamilton.” 

All birds were maintained in metal batteries 
equipped with raised wire floors. Feed and water 
were provided ad libitum. Ten birds were used 
for each treatment. Straight-run chicks and poults 
were used in all experiments except experiment 1, 
in which male chicks were used. 

Survival time of all birds in each experiment 
was determined. The following scoring method 
was used: Birds dying on the day of treatment or 
found dead at 8 o’clock the next morning were 
scored 1. Birds dying before 8 a.m. of the second 
day following treatment were scored 2, birds dying 
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before 8 a.m. of the third day were scored 3, and 
birds dying after 8 a.m. of the third day were 
scored 4. Thus, the larger the average value for a 
* group, the longer the survival time. 

Each bird dying during the three-day observa- 
tion period was examined for evidence of damage 
to the esophagus and erop and for the presence of 
fluid in the trachea. In no instance was trauma 
found, nor was there evidence of pneumonia. 


EXPERIMENTAL PROCEDURE AND RESULTS 


CuHIck STUDIES 


The results of all chick experiments are 
tabulated (table 1) and summarized 
(table 2). 


Dosage with the sodium bicarbonate solu- 
tion in the same manner, and in amounts 
equal to that which would have Seen used 
had PABA been given, had no effect on sur- 
vival time. At the 100-mg. ievel of 3-nitro, 
some mortality occurred both in the pres- 
ence and absence of a prior dose of PABA. 
Weight losses were greater in birds which 
received PABA. 

Experiment 3.—In this experiment, the 
200-mg. level of 3-nitro was lethal, regard- 
less of prior treatment. At the 100-mg. 
level, PABA was of no benefit from the siand- 
point of weight loss or livability. Prior 
administration of the sodium bicarbonate 


TABLE 1—Effect of Para-Aminobenzoic Acid and NaHCO; Solution on Growth and Livability 
of Chicks Given 3-Nitro-4-Hydroxyphenylarsonic Acid 


8-Nitro (mg./kg.) 


0 100 200 


PABA 
(mg./kg.) Exper. 1 Exper. 3 Exper. 1 Exper. 2 Exper. 3 Exper. 1 Exper. 2 Exper. 3 
NaHCOs 


* Average change in body weight (Gm.). Percentage of survival given in parentheses. 


Experiment 1.—There was no mortality 
among the birds given 100 mg. of 3-nitro 
per kilogram of body weight when this was 
preceded by paBA. Of the 10 birds given 
200 mg. per kilogram preceded by PaBa, 6 
died. When paBA was not included in the 
treatment, 100 per cent mortality occurred 
at the 200-mg. level of 3-nitro and 20 per 
cent mortality at the 100-mg. level. Alone, 
PABA had no effect. 

Experiment 2.—A second experiment 
was conducted to extend these observations 
and to determine if the vehicle in which the 
PABA was included may have influenced the 
results in the first test. Contrary to the 
results obtained in the first test, PABA did 
not prevent 100 per cent mortality when 
given with 3-nitro at the 200-mg. level. 
Dosage with pasa at a level of 400 mg. per 
kilogram. of body weight followed by 200 
mg. of 3-nitro appeared to offer some 
(30%) protection. The loss of body weight 
of survivors during the three-day observa- 
tion period was quite similar to that of 
chicks given the 200-mg. level of 3-nitro 
and PABA in the first test. 


solution did not alter the toxicity of 3-nitro. 

When the combined mortality data from 
all tests were examined by the chi-square 
method," the effect of PABA was not sig- 
nificant at the 100-mg. level of 3-nitro. A 
highly significant effect from PABA was ob- 
tained at the 200-mg. level (X?=6.43> 
1% <2%). Administration of PABA in- 
creased length of survival time, especially 
at the 100-mg. level of 3-nitro (table 2). 

The sex of all birds was determined in 
the third experiment. Although distribu- 
tion of males and females in each lot varied, 
58.6 per cent of the males and 49.8 per cent 
of the females survived. This suggests a 
sex influence in tolerance to toxic levels of 
3-nitro, and may offer an explanation for 
the unduplicated livability obtained in the 
first experiment, in which only males were 
used. 

Approximately 30 minutes after adminis- 
tration of 3-nitro, a marked decrease in 
physical activity of the chicks was noticed. 
Most of the chicks were completely inactive 
two hours after treatment, moving from a 
drooped, squatting position only when 
forced. Chicks which succumbed continued 
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to be inactive, with heads and necks re- 
tracted and feathers ruffled, becoming 
comatose and dying eight to 72 hours after 
treatment. Survivors usually regained 
some activity eight to 24 hours after ad- 
ministration of 3-nitro and appeared to be 
normal after 72 hours. Some birds which, 
on the basis of activity, appeared to be 
recovering, died suddenly without recur- 


TABLE 2—Summary of Chick Experiments 


Av. sur- 
vival time 
of birds Av. change 

Treat- No.treated/ Survival dying in weight 

ment No. survived (%) (days) (Gm.) 
100 mg. 

3-nitro 

+ PABA 30/17 56.6 2.81 —43.1 
200 mg. 

3-nitro 

+ PABA 40/7 17.5 1.64 —57.0 
100 mg. 

3-nitro 40/26 65.0 1.99 —48.3 
200 mg. 

3-nitro 50/1 02.0 1.53 —130.0 
100 mg. 

PABA 10/10 +53.0 
200 mg. 

PABA 10/10 +45.7 
none 10/10 EOE | +74.0 


rence of signs observed in the first few 
hours following treatment. 

Experiment 4.—The drug 3-nitro was 
not included in the wide variety of arseni- 
cals used in tests reported in the literature 
in which a protective effect was obtained 
from PABA. However, N-carbamylarsanilic 
acid has been studied extensively. We con- 
ducted one experiment with chicks to de- 
termine if prior administration of 1,000 
mg. of paBa per kilogram of body weight 
could meliorate a dose of 1,000 mg. of N- 
earbamylarsanilic acid. That this level was 
not toxic was shown by the lack of mortal- 
ity. All birds gained weight, averaging 
45.6 Gm. and 46.2 Gm. for the combina- 


tion and the N-carbamylarsanilic acid 
alone, respectively. 


Pou.Lt STUDIES 


Experiment 1.—The results of the two 
poult experiments are shown (table 3). In 
the first experiment, levels of 20 and 50 mg. 
of 3-nitro or paBa per kilogram of body 
weight, or both, were used. At the lower 
level, either in the presence or absence of 
PABA, there was no mortality and all poults 
made increases in weight during the five- 
day observation period. 

At the higher level, some individuals 
lost weight; however, the average gains of 
survivors in these groups were 86.9 Gm. 
and 68.0 Gm. for the 3-nitro alone and 
3-nitro plus PABA, respectively. One out of 
10 poults died in the absence of PaBa and 
3 out of 10 in the presence of PABA. 

Experiment 2.—In the second experi- 
ment with poults (table 3), the only mor- 
tality was in the group given 80 mg. of 
3-nitro preceded by PaBa. In this group, 2 
of the 10 birds died, although the survivors 
gained more weight than did those given 
the 80-mg. level of 3-nitro without PABA. 
Administration of sodium bicarbonate solu- 
tion alone had no adverse influence. The 
20-mg. level of 3-nitro, with and without 
PABA, had little influence on weight and on 
growth. Growth was less at the 40-mg. 
level of 3-nitro; the prior dose of PABA 
may have increased this adverse effect. 

The greater gains made by the lot given 
sodium bicarbonate solution alone, as com- 
pared with the control, is probably without 
significance, since the more vigorous birds 
were used in nine of the experimental 
groups and the lighter birds, and appar- 
ently growing at a less rapid rate, were 
used as controls. 

When the gains of all poults given the 
20-mg. per kilogram level of 3-nitro (sepa- 


TABLE 3—Effect of PABA and Sodium Bicarbonate on Weight Gains and Livability of Poults 
Given 3-Nitro-4-Hydroxyphenylarsonic Acid (Experiments 1 and 2) 


PABA (mg./kg.) 


Bicarbonate solution 


3-nitro 
(mg./kg.) 0 20 40 50 80 40 80 


Average weight gain is given in grams. 
out of 10 treated poults. 
* Experiment 2. 


The figure in parentheses represents the number of survivors 
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rate experiments treated as replications) 
were evaluated by analysis of variance, the 
differences in gains were not statistically 
significant. 


DISCUSSION 


Frost and Spruth ? reported the largest 
single dose of 3-nitro tolerated by Belts- 
ville Small White turkeys to be 20 mg. per 
kilogram of body weight. Our results show 
Broad-Breasted Bronze poults tolerate a 
single dose of at least 40 mg. per kilogram 
of body weight with 80 mg. per kilogram 
constituting less than a 1.d.49. 

Neither chicks nor poults exhibited tol- 
erance to 3-nitro, given as a single dose 
following administration of PABA, as has 
been reported for rats given pentavalent 
organic arsenicals. Prior administration of 
PABA makes an otherwise l.d.oo of many 
pentavalent organic arsenicals nonlethal 
to rats. Prior administration of PaBa to 
chicks given 200 mg. of 3-nitro per kilo- 
gram of body weight decreased mortality 
from 98 to 83 per cent. This was a highly 
significant difference, but relatively inef- 
fective when compared with the protective 
effect obtained in rats. 

has been suggested by Martin® that 
PABA lowers the metabolic rate and reduces 
the speed with which pentavalent arseni- 
eals are reduced to the trivalent, more 
toxic, arsonoxide. If this theory is true, 
one would expect poultry to be less toler- 
ant of organic arsenicals than rats or swine, 
which have a lower metabolic rate. Ac- 
cording to the report of Frost and Spruth,? 
such a difference does not exist. Further- 
more, if PABA mediates its detoxifying ef- 
fect by depressing thyroid activity, one 
would expect a more dramatic effect from 
PABA in chicks than in rats. This was not 
the case. The data obtained indicate that 
a species difference exists between rats and 
poultry in their ability to benefit from a 
prior dose of PABA when given a single toxic 
dose of a pentavalent organic arsenical. 


SuMMARY 


In three experiments, 210 chicks, 4 weeks 
of age or older, were used to determine if 
the prior administration of a quantity of 
para-aminobenzoic acid (PABA), equivalent 
in weight or exceeding that in a single dose 
of 3-nitro-4-hydroxyphenylarsonic acid (3- 
nitro), would protect against intoxication. 
The paBA had no effect on mortality at the 


100-mg. per kilogram level of 3-nitro, al- 
though it appeared to increase survival 
time. The mortality when PABA was given 
was 44.4 per cent and, in the absence of 
PABA, 36 per cent (a nonsignificant differ- 
ence). At the 200-mg. level, there was a 
highly significant difference due to the 
prior administration of PABA. 

Administration of N-carbamylarsanilie 
acid at a level of 1,000 mg. per kilogram of 
body weight was not lethal, and prior treat- 
ment with PABA had no effect on weight 
gains during the observation period. 

In tests using 140 poults given levels of 
20, 40, 50, and 80 mg. of 3-nitro per kilo- 
gram of body weight, the prior administra- 
tion of equivalent quantities of PABA was 
without effect. A level in excess of 40 mg. 
per kilogram of body weight of 3-nitro was 
required before mortality occurred. Of the 
20 birds treated at the 50-mg. level, 4 died; 
of the 30 treated at the 80-mg. level, 2 died. 
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The Treatment of Salmonella Gallinarum Infection in Turkey 
Poults with Chloramphenicol and Furazolidone 


DALE J. RICHEY, Ph.D., and CHARLES L. MORGAN, M.S. 


Clemson, South Carolina 


THE ANTIBACTERIAL PROPERTIES Of furazoli- 
done (Furoxone,* or N-[5-nitro-2-furfuryl- 
idene | -3-amino-2-oxazolidone) were first re- 
ported in 1953.8 It has since found wide 
use in the prevention and treatment of 
salmonelloses in poultry.*-* Chlorampheni- 
col (Chloromycetint), when given by cap- 
sule or in mash, was found to be the most 
effective of seven antibiotics used in a 
study of experimental fowl typhoid.? This 
report presents further results with chlo- 
ramphenicol and furazolidone in turkey 
poults artificially infected with Salmonella 
gallinarum. 


EXPERIMENTAL PROCEDURE 


Broad-Breasted Bronze poults known to be free 
of S. gallinarum infection were obtained. They 
were allotted randomly to groups of 10 birds each 
and housed throughout the experiment in wire- 
floored batteries, with the noninoculated groups 
kept separate. At 10 days of age, the birds were 
inoculated intramuscularly with 10° viable S. gal- 
linarum from broth culture of proved virulence. 
Including controls, eight groups were used in the 
chloramphenicol study and nine groups in the 
furazolidone study. Treatment with furazolidone 
(0.011 or 0.022% in the feed) or chloramphenicol 
(0.22% in the feed, or 50-mg. capsules) was begun 
at various times before or after inoculation and 
continued for three to 17 days in various groups 
to permit evaluation of the two drugs in prevent- 
ing immediate deaths and also in protecting against 
later exacerbations of infection. 

The observation period was extended for 25 
days after the end of treatment to detect develop- 
ment of the carrier state or delayed signs of in- 
fection. At the end of the observation period, 
whole blood plate-agglutination tests were run on 
surviving birds with a standard pullorum-plate 
antigen. 


RESULTS AND DISCUSSION 
The research outline and results are 
shown (table 1). Although mortality among 


From the Department of Poultry Husbandry, South 
Carolina Agricultural Experiment Station, Clemson. Tech- 
nical contribution No. 283, published by permission of 
the director. 

Dr. Richey is now with the Poultry Disease Research 
Center, University of Georgia, Athens. 

* Furoxone, furnished by Eaton Laboratories, Norwich, 
N.Y. + Chloromycetin, furnished by Parke-Davis and Co., 
Detroit, Mich. 


the untreated controls was 100 per cent, no 
deaths occurred during the first four days 
after inoculation. All deaths in treated 
groups occurred only after treatment was 
instituted. Preinoculation treatment with 
either furazolidone (0.011% or 0.022%) or 
chloramphenicol at 0.22 per cent prevented 
mortality from fowl typhoid for 12 days 
postinoculation; however, complete group 
protection did not extend for 37 days. Ex- 
cept for poults given furazolidone at 0.022 
per cent, surviviors reacted strongly to the 
plate agglutination test (table 1, pens 1, 
2,7). 

When furazolidone was started on the 
day of inoculation and fed continuously for 
12 days, the drug failed to prevent deaths 
during this period. At the close of the 
observation period most survivors were dis- 
ease carriers (table 1, pens 3 and 4). How- 
ever, resistance to infection appeared to 
have developed for these groups, as no 
deaths occurred after medication was 
discontinued. 

Treatment starting on the fourth day 
postinoculation gave poor protection 
against fowl typhoid. Of 10 poults fed 0.22 
per cent chloramphenicol for eight days, 8 
died within 12 days after S. gallinarum 
inoculation. Of 10 poults fed chloram- 
phenicol at 50 mg. per day for three days, 
6 died; of 10 poults fed furazolidone 
(0.011%) for eight days, 5 died, all within 
the same 12-day postinoculation period. 
However, only 1 of 10 poults succumbed 
after treatment with 0.022 per cent furazol- 
idone for eight days beginning four days 
postinoculation. Twenty-five days later in 
this group, there had been only 1 other 
fatality, although 5 of the 8 survivors re- 
acted positively to the. agglutination test. 
There was no sign of drug toxicosis or 
other untoward reaction in birds of any 
group given either furazolidone or chlor- 
amphenicol. 

The superiority of furazolidone is proba- 
bly due to its bactericidal properties, as 
contrasted with the bacteriostatic action of 
chloramphenicol.* Rapid destruction of the 
organisms by furazolidone could conceiva- 
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bly account for the lack of agglutinin de- 
velopment and the suppression of the ag- 
glutination reaction. This information 
should be of considerable practical value 
because the young poult is most susceptible 
to Salmonella infections and infected flocks 
are rarely treated before signs of the dis- 
ease appear. 

The number of furazolidone-treated birds 
which become free of infection (nonreac- 
tors) and birds which become possible 
earriers (reactors) is of interest. Breeding- 
flock owners and hatcherymen would like 
to know if treatment of such infections in 
their flocks is correct and economically 
sound in regard to the pullorum-testing 
program. 

Chicken or turkey flocks infected with 
fowl typhoid organisms should not be used 
for breeding. Elimination of infected birds 
through testing and slaughter of birds that 
react to an adequately sensitive test after 
treatment would seem necessary to obtain 
a clean flock. In an outbreak of salmonel- 
losis, birds in all stages of infection would 
be found. If such a flock were treated early 
in the course of the disease, it is conceivable 
that some birds would not produce suffi- 
cient agglutinins to give a positive reac- 
tion. Many of these birds, being retained 
in the breeding flock, might relapse and 
spread the infection. 

Other work ® indicates that a policy of 
eradication based on agglutination tests ini- 
tiated too soon after the completion of high- 
level treatment (10 days after recovery) 
might result in the elim .ation of birds 
that were no longer infected. It was found 


that many chickens treated ten days after 
infection had developed agglutinins with 
a positive reaction to the plate test but were 
negative on culture. These same birds be- 
came agglutination-negative after a short 
time. Similar changes from positive to 
negative have been reported with sulfamer- 
azine in pullorum-infected hens.’ 

In more recent studies’ with furazoli- 
done in hens naturally infected with pul- 
lorum disease, the drug failed to alter the 
serum agglutination titers, and S. pullorwm 
could be recovered from the birds giving 
a positive test. It was also found that 
in artificially infected birds, medication 
greatly reduced the infectivity of the or- 
ganism, as shown also by lack of agglutinin 
production in the majority of treated 
chickens." 

These results and observations indicate 
that furazolidone has a definite place in 
treatment of fowl typhoid in poults. How- 
ever, more information is needed in regard 
to the carrier status and agglutination reac- 
tion. The answer to some of these questions 
may depend upon close observation of (1) 
the type of Salmonella infection present in 
the flock, (2) the time of treatment in re- 
gard to infection, and (3) the virulence of 
the infecting organisms. 


SUMMARY 


Turkeys, 10 days old, were artificially 
infected with approximately 10° Salmonella 
gallinarum cells. While mortality in the 
untreated control group was 100 per cent, 
death losses were prevented by feeding 
chloramphenicol at 0.22 per cent or furazoli- 


TABLE i—Results with Furazolidone and Chloramphenicol in 10-Day-Old Turkey Poults 
Inoculated with Salmonella Gallinarum 


Treatment* Results 
Pen No. Furazolidone Chloramphenicol Start Duration Relapsest + Agglut./ 
No. birds dosage dosage (days) (days) Dead/inoc. Dead/inoe. survivors 
1 10 5 preinoc. 17 0/10 3/10 5/7 
2 10 Eee ee 5 preinoc. 17 0/10 2/10 2/8 
3 10 oo a ee Day of inoc. 12 4/10 0/10 4/6 
4 10 Day of inoc. 12 2/10 06/10 5/8 
5 10 ae ee 4 postinoc. 8 5/10 3/10 2/2 
6 10 a. sae 4 postinoc. 8 1/10 1/10 5/8 
7 0.22% 5 preinoc. 17 0/10 6/10 4/4 
8 ae 0.22% Day of inoc. 12 3/10 6/10 1/1 
9 i Fee) 50 mg./day Day of inoc. 3 2/10 5/10 2/3 
10 0.22% 4 postinoc. 8/10 1/10 1/1 
11 eee eee 50 mg./day 4 postinoc. 3 6/10 2/10 2/2 
15 50 mg./day uninoc.-cont. 0/10 
* Drugs incorporated in ration except 50 mg./day chloramphenicol capsules given per os. + Mortality 


occurring 12 to 37 days after inoculation. 
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done at 0.011 per cent or 0.022 per cent in 
feed starting five days before inoculation 
and continuing for 17 days. 

When treatment was begun at the time 
of infection and continued for 12 days, 
deaths occurred in all groups. When medi- 
cation was started four days after inocula- 
tion and continued for eight days, more 
furazolidone- than chloramphenicol-medi- 
eated birds survived. Chloramphenicol 
given at the rate of one 50-mg. capsule 
daily for three days was of little value in 
preventing deaths when given either at the 
time of inoculation or at appearance of 
illness four days later. 

Agglutination tests were negative in only 
1 of the survivors medicated with chloram- 
phenicol, but were negative in many of 
the survivors medicated with furazolidone. 
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Anthelmintic Studies with Carbon 14-Labeled Carbon 
Tetrachloride on Ascaridia Galli (Nematoda) and 
Its Chicken Host 


C. J. TERHAAR, Ph.D.; M. F. HANSEN, Ph.D.; R. E. HEIN, Ph.D.; 
R. H. McFARLAND, Ph.D. 


Manhattan, Kansas 


DESPITE THE INTRODUCTION of several new 
anthelmintics effective against adult Asca- 
ridia galli, several recent investigators, in- 
cluding Hammond‘ in Kenya, Semikin '” 
along with Akhumgan and Oganyon? in 
Russia, Martin ® in Spain, and Mohan in 
India, have recommended the use of carbon 
tetrachloride (CCl,) for the control of this 
parasite. No work has been reported on 
either the uptake of CCl, by this round- 
worm or the distribution of this compound 
in the chicken host. 

The purpose of the present study was to 
determine the uptake of carbon 14-labeled 
CCl, in A. galli and its host after a thera- 
peutic dose of the compound. 


MATERIALS AND METHODS 


An infected White Plymouth Rock cockerel, 
weighing 1,160 Gm., was given 1.1 ml. of C“Chk 
administered in two gelatin capsules. Terhaar™ 
showed that this amount of CCl, has approximately 
a 75 per cent efficacy. Enough C“Ch (specific 
activity of 3,250 disintegrations sec.’ mg.’) was 
available to treat 1 bird. After treatment, the bird 
was placed in an oileloth-lined wire cage and kept 
under constant observation. The feces, urine, and 
expelled worms were collected after each defeca- 
tion; no attempt was made to collect and measure 
expired C-labeled compounds. 

Each expelled worm was rinsed in inactive CCl. 
and quick-frozen in dry ice, as were all excreta. 
The bird was killed 6.4 hours post-treatment; three 
samples of various tissues were removed, weighed 
(av., about 60 mg.), and quick-frozen. All worms 
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were expelled by 6.4 hours post-treatment, since 
no worms were recovered at necropsy. 

The worms and tissue samples were oxidized in 
5 ml. of Van Slyke oxidizing fluid (Comar*) and 
the evolved CO. and C“O. were absorbed in a 
NaOH solution. The NaOH solution containing 
the trapped CO. was transferred to an apparatus 
described by Comar,’ where it was acidified with 
perchloric acid. The contents were boiled and the 
evolved COs and C“O: were swept out through a 
sintered glass-mercury seal into an evacuated 250- 
ml. ionization chamber. The disintegration rate, as 
a function of ionization current, was determined 
with a vibrating reed electrometer.* The C** meas- 
urement was used to calculate the quantity of CCL 
needed to produce an equivalent counting rate. 
The chemical form of the C was not determined 
in the present study (throughout this paper the 
expression ‘‘C"’’ refers to C'-labeled compounds; 
no qualitative analyses were made on the C*-con- 
taining samples). 

No correction was made for decay of C™, since 
its half-life is in excess of 5,000 years. 


RESULTS 

The results show that all organs of the 
host chicken studied contained C'* (table 
1). The ceca contained the most radioactiv- 
ity, and the testes contained the least. 

The total amount of blood in the bird 
was calculated on the basis of Sturkie’s ™ 
report that the blood volume (ml.) of a 
bird of this weight is equal to 9 per cent of 
the total body weight (Gm.). Since he also 
showed that the specific gravity of chicken 
blood is 1.05, the weight of the blood equals 
the total body weight times 9 times 1.05. 
The value for the bone weight was calcu- 
lated on the basis that bone accounts for 
about 17 per cent of the total carcass weight 
after the feet and head are removed.’ Ew- 
ing* reported that the head and feet ac- 
counted for about 9 per cent of the total 
body weight of a chicken. 

The C1 (expressed as CCl,) values given 


* Vibrating Reed Electrometer Model 30M, manufac- 
tured by Applied Physics Corp., Pasadena, Calif. 
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for muscle were based on muscle tissue sam- 
ples. The total weight of the muscle tissue 
was not known and was actually the resid- 
ual weight of the bird (the weight obtained 
by adding the actual organ, excreta, and 
calculated bone and blood weights and sub- 
tracting from the total live weight). 

The C'* appeared in the excreta 15 min- 
utes post-treatment and increased in 
amounts over the period studied (table 2). 

No relationship between either the sex or 
weight of worms and CCl, uptake was in- 
dicated (table 3). However, the small 
number of worms found precluded any 
definite conclusion as to uptake of CCl 
relative to sex and weight of worms. The 
selective action of CCl, on A. galli was evi- 
dent when uptake of C' by the worms was 
compared with the uptake by the host body. 
The worms averaged 62.6 mg. of CCl,/100 


TABLE 1—Distribution of C“, Expressed as CCl, 
in the Chicken 


Total CCl 
Organ wt. in organ Mg. CCh/100 
Organ (Gm.) (mg.) Gm. of tissue 
Duodenum 19.8 1.34 6.7 
Lower small 
intestine 20.7 0.78 3.8 
Ceca 15.0 1.04 6.9 
Colon 9.5 0.28 2.9 
Liver 28.4 0.82 2.9 
Blood 109.6 2.71 2.4 
Bone 179.5 3.89 2.2 
Spleen 1.9 0.04 2.1 
Heart 5.9 0.10 1.7 
Lungs 8.3 0.07 0.8 
Muscles 718.1 6.10 0.8 
Testes 1.8 0.01 0.6 


Gm. of worms, calculated from the total 
C4, The highest concentration of C™ in 
the host’s body was in the ceca, which aver- 
aged 6.9 mg. of CCl,/100 Gm. of tissue. 


DIscussION 


The C14 which remained in the host’s tis- 
sues at necropsy probably represents bound 
or metabolized CCL, or both. In repeated 
trials, using a colorimetric method which 
could detect as little as 8 pg. of CCly, no 
free CCl, was found in the tissues of treated 
birds or expelled worms. However, the C'* 
concentrations, expressed as CCl, were 
higher in certain tissues and in most of the 
worms than the lower limit of detection 
with the colorimetric system. This would 
indicate that a large percentage of the C1 
was actually not in the tetrachlorinated 
form. 


Karlier work by McCollister et al.* and 
Robbins ® has shown that practically all of 
the CCl, absorbed by an animal is excreted 
through the lungs. This is apparently true 
in the present study, since relatively minute 
amounts were recovered from the organs 
and excreta. 


TABLE 2—Distribution of C**, Expressed as CCL, 
in Excreta of a Chicken 


Time post- Weight of 

treatment excreta TotalCCk Mg. CCh/100 
(hr.) (Gm.) (mg.) Gm. of excreta 
0.25 12.53 0.17 1.4 
2.25 14.69 0.40 2.7 
6.41 15.43 2.61 16.9 


It seems reasonable that the administered 
CCl, passed rather quickly into the gizzard 
and duodenum. Most of the CCl, was prob- 
ably absorbed into the capillaries and lac- 
teals of the duodenum and anterior jeju- 
num, eventually reaching the lungs to be 
excreted. Of the fraction that was not ex- 
ereted by the lungs, a substantial portion 
was probably excreted into the ceca from 
which it passed to the cloaca and was 
eliminated. 

Evidence for assuming cecal excretion of 
CCl, is supplied by the fact that, 15 min- 
utes after treatment, C!* was recovered in 
the feces. It is unlikely that CCl, could 
pass the entire length of the digestive tract 
in this short time. The earliest period at 


TABLE 3—Distribution of C, Expressed as CCL, 
in Expelled Ascaridia galli 


Worm Weight Total Mg. CCh/100 

No. Sex (mg.) (mg.) Gm. of worms 
1 F 72 0.006 8.7 
2 M 37 0.016 42.9 
3 F 69 0.014 20.0 
4 F 25 0.006 22.7 
5 M 32 0.022 68.6 
6 M 32 0.007 23.3 
7 M 34 0.028 82.5 
x F 62 0.062 99.4 
9 F 47 0.032 67.9 
10 F 60 0.036 60.3 
11 M 40 0.076 190.6 


which either oil red O in CCl, or pow- 
dered fluorescent minerals reached the 
large intestine was 3.5 hours.!* Collabora- 
tive evidence for assuming absorption in 
the duodenum and excretion in the ceca is 
provided by the fact that the ceca had the 
highest concentrations of C* per unit 
weight of organ; the duodenum had the 
next highest concentration. The part of 
the digestive system between the duodenum 
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and ceca had considerably less C'* present, 
indicating that a large amount of CCl, 
never passed the entire length of the diges- 
tive tract. 

The CCl, that was not absorbed into the 
circulatory system presumably passed 
through the digestive tract, and was elimi- 
nated and counted with the feces and urine. 
As it passed through the gut, it probably 
immobilized and killed the worms, which 
then lost their power to resist the fecal 
stream. This would explain the observation 
that expelled worms are generally found in 
a formed stool. 

Unfortunately, no samples of kidney tis- 
sue were carried through the entire analyti- 
eal procedure. However, from the results 
of McCollister e¢ al.,° and from a compari- 
son of the relative amounts of C'* found in 
the ceca and excreta in the present study, 
it may be assumed that relatively little C1 
was excreted in the urine. 

The apparent extreme difference in C™* 
uptake per milligram of worms between 
worms 1 and 11 (table 3) actually 
amounted to only 0.044 pl. of CCl. Ex- 
tremely little is known concerning the feed- 
ing habits of A. galli in the digestive tract. 
If the worms feed passively, that is, allow 
the stream of chyme to flow through them 
at a more or less constant rate, then the 
amounts of CCl, present should be a func- 
tion of the length of the digestive tract. 
If, however, the worms feed actively but 
not constantly, it can be reasoned that the 
amount of CCl, in the digestive tract could 
easily fluctuate within the range deter- 
mined. 

SUMMARY 


Carbon 14-labeled carbon tetrachloride 
was administered to a chicken harboring 


Ascaridia galli. The results of the subse- 
quent analyses showed that C™ was present 
in the tissues and excreta of the host as well 
as in the worms. In the host, the greatest 
uptake of C1* was in the ceca and the least 
in the testes. Carbon-14 appeared in the 
excreta 15 minutes after treatment. The 
average uptake by the worms was much 
greater than that of any of the tissues in 
the host. 
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Virucidal Effect of Some Chemical Agents on 
Bluetongue Virus 


B. R. McCRORY, D.V.M., M.S.; N. M. FOSTER, B.S.; R. C. BAY, D.V.M. 


Denver, Colorado 


IN AN EXTENSIVE review of the literature 
pertaining to bluetongue in sheep, nothing 
was found to indicate that any studies had 
been made to determine the virucidal effect 
of chemical agents on the causative virus. 
Our primary interest was to find if one of 
the chemical agents frequently used for 
disinfectant purposes would be effective as 
a rapidly acting virucide against the virus 
of bluetongue which was (1) adapted in 
embryonating chicken eggs and (2) present 
in serum collected during the early febrile 
period from a sheep reacting to an injec- 
tion of bluetongue virus. 

To determine this, five chemicals were 
selected for the tests, which involved the 
use of chicken embryos and sheep for evalu- 
ating the effectiveness of the chemical solu- 
tions as virucides. 


MATERIALS AND METHODS 


Isolation and Identification of the Virus.—A sin- 
gle strain of bluetongue virus, designated as New 
Mexico BT-52, was used in these experiments. It 
was isolated in October, 1955, in sheep by the 
passage of pooled blood samples, collected in an 
equal volume of O.C.G.* solution,® from 2 sheep 
during a natural outbreak of bluetongue in a 
flock of sheep in New Mexico. 

The virus was identified by reciprocal cross- 
immunity tests in sheep using the known blue- 
tongue virus strain, California BT-11,? as the 
standard. Each group of test sheep was housed 
in a separate insect-proof isolation room until 
the homologous challenge test of their immunity 
was completed. The animals were then transferred 
by eross exchange from one isolation room to the 
other and cross challenged. The virus isolates were 
considered to be immunologically identical, since 
no febrile reaction or clinical signs of bluetongue 
were manifested. The sheep that were used for 
virus controls in each test to confirm the in- 
feetivity of the virus developed signs of clinical 
bluetongue. The sheep which served as contact 
controls remained normal. Temperatures of all 
animals were taken twice daily. 


From the Animal Disease Research Laboratory, Ani- 
mal Disease and Parasite Research Division, Agricultural 
Research Service, U.S. Department of Agriculture, Den- 
ver, Colo. 

* An anticoagulant preservative solution consisting of 
potassium oxalate, 5 Gm.; phenol, 5 Gm.; glycerin, 500 
ml.; and distilled water, 500 ml. 


Tests Using EMBRYONATING CHICKEN EGGs 


Incubation and Inoculation of Eggs.—Embryo- 
nating chicken eggs that had been preincubated 
for seven or eight days at 37.5C. in an electric 
forced-draft incubator were used in all the tests. 
The shell over the air sac was disinfected with 
Lugol’s solution of iodine. A small opening was 
made in the shell with an electric vibrating drill 
(Vibro-Toolt). Injections of the inoculum were 
made via the yolk sac route with a 20- or 23-gauge, 
l-inch needle, depending upon the size of the 
particles in the inoculum used. The opening in the 
shell was closed with sealing wax, and the eggs 
were placed in the incubator and incubated at 
33.5 C.2 for seven days. The eggs were candled 
twice daily. 

Propagation of the Virus.—The propagation of 
the virus was established by serial passage inocu- 
lations via the yolk sac route in embryonating 
chicken eggs as described. All embryos dying 
within 24 hours after injection were discarded. 
Embryos dying on the second and third day post- 
inoculation were harvested for virus. The virus 
used was from the thirty-second or subsequent 
passages in embryos. 

Preparation of the Virus—Two or three em- 
bryos were ground at a time without diluent in a 
TenBroeck grinder, cultured to determine that 
they were free of bacterial contaminants, and 
stored in serew-capped tubes at 4C. until needed. 
The three virus preparations used for inoculums 
were (1) undiluted ground chicken embryos; (2) 
undiluted chicken embryo supernatant fluid, ob- 
tained by centrifuging the ground embryos for 15 
minutes at 1,500 r.pm. at 5C., decanting the 
fluid, and clarifying it by another centrifugation; 
and (3) chicken embryo supernatant fluid diluted 
1:9 with beef-heart infusion broth (Difco) at a 
pH of 7.2. For each test, bacteriological cul- 
tures were made before the virus suspensions 
were used to ensure their freedom from _ bac- 
terial contamination. 

Titration of the Virus.—The virus was titrated 
in each test, using either beef-heart infusion broth 
at a pH of 7.2 or buffered saline solution at a 
pH of 7.2 as the diluent. One tenth milliliter 
of the tenfold dilutions of inoculum were injected 
into the yolk sac of 7- to 8-day embryonating 
eggs. Ten eggs were used per dilution. The 50 
per cent embryo lethal dose (e.l.dso) titer of the 
virus was calculated by the method of Reed and 
Muench.* 


+ Vibro-Tool is manufactured by Burgess Vibrocrafters, 
Inc., Grayslake, Ill. 
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Chemical Agents.—The chemical agents selected 
for study in the embryonating egg tests were Roc- 
eal * 50 per cent (hereafter referred to as agent 
R); Weseodyne t (referred to as agent W); so- 
dium hydroxide; and sodium carbonate. 

Virus and Chemical Inoculum.—A fresh solution 
of the chemical agent was prepared at the begin- 
ning of each test. Each chemical agent was diluted 
with sterile tap water to make twice the desired 
percentage or parts per million (p.p.m.) concen- 
tration. Equal volumes of the virus suspension and 


* Roccal (alkyldimethylbenzyl ammonium chloride) is 
produced by Winthrop Laboratories, New York, N.Y. 


+ Wescodyne (polyethoxypolypropoxypolyethoxy glycol- 
iodine complex, 7.75%; nonyl phenylether of polyethylene 
glycol-iodine complex, 7.75%; hydrogen chloride, 0.1% 
[providing 1.6% available iodine]; and inert material, 
84.4%) is produced by West Chemical Products Inc., 
Long Island, N.Y. 


chemical solution were dispensed in a serew-capped 
tube, thoroughly mixed, and held at 22 C. Between 
the four- and the six-minute reaction period, each 
of 18 to 28 embryonating eggs that had been pre- 
incubated for seven to eight days was inoculated 
via the yolk sac route with 0.2 ml. of the selected 
virus and chemical inoculum. 

Chemical Agent and Diluent Control.—In each 
experiment, chemical controls were run by mixing 
equal volumes of the chemical solution and beef- 
heart infusion broth at a pH of 7.2 or buffered 
saline solution at a pH of 7.2, depending upon 
which was used as the dilutent for the virus. 

Incubator Control.—In each test, noninoculated 
7- or 8-day embryonating eggs were placed in the 
incubator with the inoculated eggs to serve as in- 
cubator controls. 

Embryo Deaths Caused by Virus.—A number of 
tests were run to determine the presence of virus 


TABLE 1—Effect of Exposure to Chemical Agents of Undiluted Ground Chicken Embryo 


Infected with Bluetongue Virus 


Results of injection of eggs with 
virus chemical and chemical dilu- 
ent previously incubated for 4 to 


6 min. at 22 ©. Virus 
chemical 
Chemical subpassage; 
Chemical Final chemical Virus Virus diluent embryo 
agent concentration titer chemical (controls) deaths 
B.H.1.B.* 
diluent B.H.1I.B.* 
Agent R 5,000 p.p.m. 103-8+ 13/15** 4/21 
5,000 p.p.m. 103-7 10/18 2/19 
Agent W 1,000 p.p.m. 10*4 1/12 2/15 0/10 
1,500 p.p.m. 10*4 3/13 2/15 0/10 
3.0% 104-4 1/14 0/13 0/11 
Buffered saline Buffered saline 
diluent solution 
Agent R 5,000 p.p.m. 10#5 12/15 0/18 6/7 
Agent W 500 p.p.m. 104-0 8/26 1/18 14/16 
500 p.p.m. 104-5 12/21 0/20 18/18 
750 p.p.m. 1045 1/17 0/18 0/6 
750 p.p.m. 104-1 1/16 0/12 0/12 
750 p.p.m. 10*3 2/14 3/14 0/9 
750 p.p.m. 104-0 1/25 1/19 0/10 
750 p.p.m. 10*4 0/26 
750 p.p.m. 104-5 1/21 0/22 0/6 
1,000 p.p.m. 104-5 2/20 0/15 0/9 
1,000 p.p.m. 104-1 2/14 2/10 0/9 
1,000 p.p.m. 104-8 0/14 
Sodium hydroxide 2.0% 104-5 3/13 5/17 7/7 
2.0% 104-1 5/16 0/11 9/9 
2.0% 104-3 8/16 4/10 11/11 
2.5% 104-0 8/25 1/16 10/11 
2.5% 104-4 5/238 
2.5% 1045 8/21 1/16 9/9 
3.0% 1045 0/10 
3.0% 104-1 0/14 
3.0% 10*8 3/13 1/9 0/9 
3.0% 10*4 5/22 2/14 7/8 
3.0% 104-5 5/21 1/21 9/9 


embryo 1.d.so per 0.1 ml. 


* B.H.1.B. = Beef-heart infusion broth (Difco), pH 7.2.  ¢ The virus titer is expressed as the chicken 
** The numerator indicates the number of embryos dying from the second through 


the seventh day, and the denominator represents the number of eggs injected after discarding those con- 
taining embryos which died within the first 24 hours of injection. 
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in embryos that died after inoculation with the 
virus-chemical inoculum. 


Test Using SHEEP 


Selection, Identification, and Housing of Sheep.— 
The sheep used in the experiments were from a 
flock susceptible to bluetongue and maintained at 
the research station. They were housed in insect- 
proof isolation rooms and identified by ear-tag 
numbers. Temperatures were taken twice daily 
during the course of the tests. 

Source of Virus.——The virus material used was 
New Mexico BT-52-infected sheep serum (fifth 
virus passage in sheep). 

Chemical Agents.—The chemicals selected for 
these tests were agent W, sodium hydroxide, and 
ethyl alcohol. 

Virus and Chemical Inoculum.—A fresh solution 
of the chemical was prepared at the beginning of 
each test, using sterile tap water for the diluent. 
Agent W, at a concentration of 1,500 p.p.m., was 
added to an equal volume of virus-infected sheep 
serum in a screw-capped test tube and thoroughly 
mixed. After a five-minute reaction period at room 
temperature, 8 ml. of the inoculum was injected 
intravenously into a sheep. The sodium hydroxide 
in a 6 per cent solution was added to an equal 
volume of virus-infected serum and thoroughly 
mixed. After being held at room temperature for 
five minutes, 8 ml. of the mixture was quickly 
diluted with buffered saline solution to a total 
volume of 30 ml., which was immediately injected 
intravenously into a sheep. The inactivation mix- 
ture of ethyl alcohol and virus-serum was prepared 
by adding 11.2 ml. of 95 per cent ethyl aleohol to 
4 ml. of the virus-serum to obtain a 70 per cent 
ethyl alcohol concentration. This mixture was held 
at room temperature for five minutes, after which 


time the 15.2 ml. was injected intravenously into 
a sheep. 

Controls —To test the virulence of the virus- 
serum, 4 ml. was injected subcutaneously into a 
sheep. This animal was housed with the inocu- 
lated sheep. Two noninoculated sheep also were 
housed with the injected animals, and served as 
contact controls. 

Challenge of Nonreactor Sheep.—The nonreactor 
sheep that had been inoculated with a virus-chemi- 
cal mixture were held for 40 days postinoculation 
and then challenged with the homologous virus, 
New Mexico BT-52 strain. 


RESULTS 


Effect of Chemical Agents on Embryo- 
Adapted Bluetongue Virus.—In the pro- 
cedure followed in conducting the tests, 
agent W at a final concentration of 750 
p.p.m., or greater, inactivated the blue- 
tongue virus in each of the chicken embryo 
sources as shown (tables 1, 2, 3), but at a 
final concentration of 500 p.p.m. Agent W 
was effective in inactivating the virus only 
in undiluted chicken embryo supernatant 
fluid (table 2). In the one test using 3 
per cent sodium hydroxide, this chemical 
inactivated the virus in undiluted embryo 
supernatant fluid (table 2). At the same 
concentration, it inhibited virus activity in 
the first five of seven tests where the virus 
was contained in undiluted ground chicken 
embryo (table 1). 

Agent R at a final concentration of 5,000 
p.p.m. inactivated the virus in undiluted 
chicken embryo supernatant fluid in the 


TABLE 2—Effect of Exposure to Chemical Agents of Undiluted Chicken Embryo Supernatant 


Infected with Bluetongue Virus 


Results of injection of eggs with 
virus chemical and chemical dilu- 
ent previously incubated for 4 to 


6 min. at 22 O. Virus 
chemical 
Chemical subpassage ; 
Chemical Final chemical Virus Virus diluent embryo 
agem.t concentration titer chemical (controls) deaths 
Buffered saline Buffered saline 
diluent solution 
Agent R 5,000 p.p.m. 10%-9* 3/117 2/20 0/9 
Agent W 250 p.p.m. 10*3 22/22 er 
500 p.p.m. 0/19 
500 p.p.m. 10** 3/16 1/15 0/7 
750 p.p.m. 2/11 3/19 0/12 
Sodium hydroxide 2.0% 103.® 7/16 7/22 12/12 
3.0% 0/14 
Sodium carbonate 5.0% 103-® 19/19 
10.0% 104-8 18/18 


number of embryos dying from the second through the seventh day, and the denominator represents the 
number of eggs injected after discarding those containing embryos which died within the first 24 hours 


of injection. 


* The virus titer is expressed as the chicken embryo l.d.so per 0.1 ml. f The numerator indicates the 
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single test run (table 2). It was not found 
to be fully effective against the virus in 
chicken embryo supernatant fluid 10* or in 
undiluted ground chicken embryo. Sodium 
carbonate at final concentrations of 5 and 
10 per cent had no apparent effect on the 
virus contained in undiluted chicken em- 
bryo supernatant fluid. No appreciable 
differences were found when _ beef-heart 
infusion broth was used in place of buf- 
fered saline solution as the diluent for the 
prepared solutions of chemical agents and 
the virus materials (tables 1, 2, 3). 

Effect of Chemical Agents on Bluetongue 
Virus in Sheep Serum.—The sheep used for 
determining the infectivity of virus-serum 
after an exposure to a final concentration 
of 750 p.p.m. of agent W, 3 per cent so- 
dium hydroxide, or 70 per cent ethyl aleo- 
hol for 5 minutes at 22C. did not show 
any febrile response or other clinical signs 
of bluetongue. 


Discussion 


The effectiveness of agents R and W, 
sodium hydroxide, and sodium carbonate 
at different concentrations as virucides for 
bluetongue virus in chicken embryo mate- 
rial was determined. In these trials, the 
reaction period of exposure for the virus- 


chemical was four to six minutes at 22 C. 
Longer exposure periods or even different 
temperatures during the exposure period 
of tl:e virus-chemical mixtures might pos- 
sibly have been factors that would have 
significantly affected the results of the 
trials. 

The virus titers ranged from 10*:* to 10+, 
with a range of 10*° to 10*° in the majority 
of the tests. This range of virus infectivity 
is considered satisfactory for chicken em- 
bryo-propagated bluetongue virus. 

A number of subpassage tests were con- 
ducted to demonstrate the presence of the 
virus in inoculum prepared from embryos 
dying between the second and the seventh 
day postinoculation with the virus-chemi- 
cal mixtures. The cause for the greater 
number of embryo deaths that occurred in 
a few of the chemical-diluent control tests 
was not determined. There were no embryo 
deaths in the eggs used for incubator con- 
trols in any of the tests. 

It is apparent from the results obtained 
in these tests, with the exception of the two 
tests with sodium carbonate, that the chem- 
icals at most of the concentrations used had 
some inactivating effect on the virus. It 
was of interest that the penetration of 
agent W (750 p.p.m.) was sufficient to 


TABLE 3—Effect of Exposure to Chemical Agents of Chicken Embryo Supernatant 10° 
Infected with Bluetongue Virus 


Results of injection of eggs with 
virus chemical and chemical dilu- 
ent previously incubated for 4 to 


6 min. at 22 C. Virus 
— . chemical 
Chemical subpassage ; 
Chemical Final chemical Virus Virus diluent embryo 
agent concentration titer chemical (controls) deaths 
B.H.1.B.* 
diluent B.H.1.B.* 
Agent R 180 p.p.m. 104-0F 18/18** 
2,500 p.p.m. 104-7 6/17 
3,500 p.p.m. 103-8 2/19 0/19 12/12 
3,500 p.p.m. 1047 8/17 2/17 11/11 
5,069 p.p.m. 104-5 1/19 
5,000 p.p.m. 108-8 3/22 0/21 11/11 
5,000 p.p.m. 104-0 1/21 
Agent W 38.5 p.p.m. 104-0 20/20 
750 p.p.m. 10%8 1/19 0/19 0/12 
750 p.p.m. 104-7 0/18 
1,000 p.p.m. 10*5 0/21 
1,000 p.p.m 103-8 1/21 1/21 0/11 
1,000 p.p.m 10+0 0/17 
Sodium hydroxide 2.0% 104-5 11/23 , 
2.0% 10*7 0/15 
2.0% 103-8 2/17 2/18 11/11 


* B.H.1.B. = Beef-heart infusion broth (Difco), pH 7.2. t{ The virus titer is expressed as the chicken 
embryo 1.d.so per 0.1 ml. ** The numerator indicates the number of embryos dying from the second through 
the seventh day, and the denominator represents the number of eggs injected after discarding those con- 
taining embryos which died within the first 24 hours of injection. 
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jnactivate bluetongue virus suspended in 
undiluted ground chicken embryo where 
there was a considerable quantity of ex- 
traneous material as compared with that 
contained in embryo supernatant fluids. 

The negative reaction of sheep to an 
intravenous injection of virus-chemical 
mixture indicated the virus had been in- 
activated by the chemical agent used. This 
determination was subsequently confirmed 
when each sheep reacted to challenge with 
the homologous virus, New Mexico BT-52 
strain. 

SuMMARY 


The effectiveness of five chemicals (Roc- 
eal, agent R; Wescodyne, agent W ; sodium 
hydroxide; sodium carbonate; and ethyl 
alcohol) against bluetongue virus was eval- 
uated in tests involving the use of embryo- 
nating chicken eggs and sheep. 

In each of the tests using embryonating 
eggs with four of the chemical agents in 
four- to six-minute inactivation periods, 
agent W at a final concentration of 750 


p.p.m. or greater was the only one that 
completely inactivated the virus. 

No difference in the results was noticed 
when beef-heart infusion broth (Difco), 
at a pH of 7.2, was used in place of buf- 
fered saline solution as the diluent. 

In one test using sheep for the experi- 
mental animals, bluetongue virus in sheep 
serum was inactivated in a five-minute in- 
activation period by 750 parts per million 
of agent W, 3 per cent sodium hydroxide, 
or 70 per cent ethyl alcohol in final 
concentration. 
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Strain Variation in the Response of Sheep Nematodes to the 
Action of Phenothiazine. IV. Efficacy of Single Therapeutic 
Doses for the Removal of Haemonchus Contortus 


J. H. DRUDGE, D.V.M., Sc.D.; S. E. LELAND, Jr., Ph.D.; Z. N. WYANT, B.S., A.M.; 
G. W. ELAM; L. B. HUTZLER, M.S. 


Lexington, Kentucky 


PREVIOUS INVESTIGATIONS by the authors * 4 
demonstrated a significant level of resist- 
ance to small daily doses of phenothiazine 
in a strain of Haemonchus contortus that 
was isolated from a flock '! with a worm 
control problem despite intensive use of 
the drug. This resistant strain B had a 
drug threshold four to eight times higher 
than the normal control strain A, which 
appeared to be similar to strains of H. con- 
tortus studied by other investigators.” 

The present study on the efficacy of single 
therapeutic doses was undertaken to ex- 
tend the evaluation of the drug resistance 
of strain B. 


MATERIALS AND METHODS 


Seven experiments were completed in which 42 
helminth-free lambs (Cheviot ram crossed with 
grade western ewes) were used. In each experi- 
ment, 3 lamb, per strain were infected, which 
provided 1 untreated control and 2 treated ani- 
mals. The standard level of infection was 2,500 
larvae from 7-day-old cultures of feces. 

The present strains of H. contortus have been 
maintained in otherwise helminth-free lambs since 
the original isolation from the respective flocks 
in 1955. In each experiment, the infections were 
established from the respective control animal of 
the preceding experiment except for experiments 
1 and 5, in which the sources were donor lambs 
free of other helminth infections. The infections 
were maintained in the untreated donor lambs 
during the intervals between the yearly crops of 
lambs. 

Dosage levels of phenothiazine were 0.1 and 
0.25 Gm. per pound of body weight except in 
experiment 7, where the latter dosage was in- 
ereased to 0.5 Gm./lb. The same lot of a com- 
mercial grade (N.F., green) of phenothiazine used 
throughout the study was the same as used in the 
previous investigation.* Particle size standards for 
this lot were: (1) 100 per cent must pass through 


From the Department of Animal Pathology, Kentucky 
Agricultural Experiment Station, Lexington, in coopera- 
tion with the Animal Disease and Parasite Research 
Division, Agricultural Research Service, U.S.D.A. Pub- 
lished with the permission of the director of the Kentucky 
Agricultural Experiment Station and the director of the 
Animal Disease and Parasite Research Division, U.S.D.A. 


a 16-mesh standard sereen and (2) 85 per cent 
must pass through a 100-mesh sereen. To insure 
administration, the individual doses were weighed, 
suspended in tap water, and administered via dose 
syringe equipped with a Whitlock nozzle. 

Efficacy of treatment was evaluated by: (1) 
post-treatment decreases of 24-hour egg and larval 
counts in feces and (2) number of worms actually 
recovered at necropsy in relation to the number 
estimated to be present before treatment. The pre- 
treatment estimates were based on the average egg 
production and sex ratio of the worms from the 
7 untreated control animals for each strain. 

Feeal collections were made every 24 hours from 
each animal from the third or fourth day before 
treatment until the seventh day after treatment. 
The techniques used for sampling the feces and 
making the egg and larval counts were the same 
as outlined earlier.‘ The animals were routinely 
slaughtered after the seven-day post-treatment ob- 
servation period ended. 

At necropsy, a careful search was made of the 
entire contents and lining of the gastrointestinal 
tract for nematodes. Haemonchus specimens were 
examined for type of vulval process in the female 
and length of spicules in the male.” In addition, 
gonadal squashes of males and females of both 
strains were prepared according to a modified 
method outlined by Bremner’ for examination of 
the chromosomes. On the basis of the chromosomes, 
both strain A and strain B were typical H. con- 
tortus; however, details of these observations and 
the morphological features found in these strains 
will be reported separately. 


RESULTS 


The 24-hour egg and larval count data 
show that the three dosage levels were 
strikingly effective against strain A (table 
1). The lowest dosage level (0.1 Gm./Ib.) 
reduced egg counts to zero in 4 of 7 ani- 
mals and by 96.8 to 99.8 per cent in the 
others. Larval counts were also reduced 
an average of 99.1 per cent in these animals. 

For strain B, the 0.1-Gm./lb. dosage level 
was less effective in reducing the egg and 
larval counts (table 1). Changes in egg 
counts ranged from a 29.6 per cent in- 
crease in 1 lamb to a 100 per cent decrease 
in another. In the aggregate, the average 
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decrease was 68.2 per cent. Larval counts 
in these lambs showed an average decline 
in the aggregate of 79.5 per cent after 
treatment. 

In the aggregate, the greater reductions 
of the egg and larval counts for strain A 
over strain B were statistically significant 
beyond the 5 per cent level. 

Dosages of 0.25 Gm./lb. were nearly 100 
per cent effective in eliminating eggs and 
larvae from the feces after treatment of 
lambs infected with strain A (table 2). A 
high order of activity against strain B was 
also consistent for the 0.25-Gm./lb. dose 
level (table 2). Twenty-four hour egg and 
larval counts revealed reductions ranging 
from 92.2 to 100 per cent and 88.1 to 100 
per cent, respectively. Statistical analysis 
revealed that these reductions for strain 
B were not significantly different from 
strain A. 

In contrast, the 0.5-Gm./lb. dose was 
somewhat less effective in the lamb with 
strain B (711M, table 2). Here, the egg 
and larval counts were reduced 87.9 and 
97.3 per cent, respectively, whereas com- 
plete suppression was achieved in the lamb 
infected with strain A. 

Similar egg and larval count data in 
the 7 untreated control animals for each 


strain are also summarized (tables 1, 2). 
These averages showed little change for the 
periods of observation corresponding with 
the treated animals. 

In the untreated control lambs, the pre- 
slaughter egg and larval counts divided 
by the number of female worms recovered 
at necropsy gave an estimate of the eggs 
and larvae per female worm per day for 
each strain. These averaged 6,600 and 
2,870, respectively, for strain A and 5,360 
and 2,070, respectively, for strain B. Sta- 
tistical analysis showed no significant dif- 
ference between these strain means. Like- 
wise, there was no significant difference 
between the mean preslaughter and the 
mean pretreatment daily egg production 
and larval development within a strain or 
between strains. 

The preslaughter 24-hour egg production 
and larval development for strain A fe- 
male worms in lambs receiving the 0.1- 
Gm./lb. dosage averaged 1,670 and 800, 
respectively (table 1). These were signifi- 
cantly lower (5% level) than the values 
for the strain A controls. Worms were 
present in only 1 of the lambs infected 
with strain A after treatment at the 0.25- 
Gm./lb. level and the estimated daily egg 
production and larval development of 990 


TABLE 1i—Reduction of Fecal Egg and Larval Counts Following 0.1-Gm./lb. Dosages of 


Phenothiazine Given to Lambs Infected with Haemonchus Contortus 


24-hour egg and larval counts 


No./female/ 
Total Pretreatment * Preslaughter t Reduction 24 hours 
Exp. Lamb No. dose (thousands) (thousands) (%) preslaughter 
No. & Sex (Gm.) Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae 
STRAIN A (TREATED) 
1 69F 6.0 2,495 760 80 43 96.8 94.3 
2 613F 5.8 1,587 857 0 0 100.0 100.0 
38 624F 2 896 470 0 0 100.0 100.0 
4 64M 7.9 580 433 0 0 100.0 100.0 
5 716F 4.9 9,042 3,493 43 6 99.5 99.8 
6 713M 5.5 2,686 1,783 0 3 100.0 99.8 
7 715F 4.5 3,494 2,463 7 9 99.8 99.6 1,000 1,290 
Average 6.0 2,969 1,466 19 9 99.4 99.1 1,670 800 
Untreated** _....... 2,144 1,100 2,257 960 +5.3t 12.7 6,600 2,870 
STRAIN B (TREATED) 
1 614M 5.5 827 179 115 17 86.1 90.5 1,200 180 
2 639F 7.5 1,684 1,004 652 369 61.3 63.2 4,700 2,650 
3 624F 7.7 4,336 1,729 740 471 82.9 73.1 6,320 4,030 
4 622F 8.4 428 340 0 0 100.0 
5 717M 5.6 5,320 4,756 6,894 2,159 +29.6f 54.6 9,470 2,970 
6 739M 6.0 1,061 390 20 11 98.1 97.2 4,880 2,750 
7 712F 4.6 3,629 2,164 768 482 78.8 77.7 6,510 4,080 
Average 6.5 2,469 1,509 1,313 501 68.2 79.5 5,510 2,780 
Untreated** _...... 3,276 1,438 2,780 1,012 15.1 29.6 5,360 2,070 


* Average of three or four counts during three to four day pretreatment interval; ¢ Average of four counts dur- 
ing four to seven day post-treatment interval; ** Average of 7 lambs; tf Increase. 
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TABLE 2—Reduction of Fecal Egg and Larval Counts Following 0.25-Gm./lb. Dosages of 
Phenothiazine Given to Lambs Infected with Haemonchus Contortus 


24-hour egg and larval counts 


No./female/ 


Total Pretreatment * Preslaugher ¢ Reduction 24 hours 
Exp. bine (thousands) (thousands) (%) preslaughter 
No. No. (Gm.) Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae 
STRAIN A (TREATED) 
1 63F 14.9 1,812 375 0 0 100.0 a 
2 623F 17.8 737 285 0 0 100.0 es Neeenenee 
3 61M 18.8 194 101 0 100.0 ~ 
4 66F 21.0 496 414 0 0 100.0 
5 79F 13.6 5,924 2,506 2 0 99.9 100.0 990 150 
6 710F 13.3 184 73 0 0 100.0 aS ee 
Average 16.6 1,558 626 0 0 100.0 100.0 990 150 
7 73M 24.0** 551 536 0 0 100.0 
Untreated ft __...... 2,144 1,100 2,257 960 +5.3 12.7 6,600 2,870 
STRAIN B (TREATED) 
1 610F 17.0 1,909 540 148 64 92.2 88.1 4,920 2,130 
2 623M 15.3 2,012 925 0 0 100.0 Bee lane 
3 67M 19.3 1,488 864 65 49 95.6 94.3 2,940 2,230 
4 612M 18.5 4,283 2,463 92 43 97.9 98.3 4,390 2,050 
5 76F 14.3 3,651 1,704 0 0 100.0 
6 710F 14.5 1,098 599 82 47 92.5 92.2 6,860 3,920 
Average 16.5 2,407 1,183 65 34 96.4 95.5 4,780 2,580 
7 711M 24.5** 2,879 2,220 349 59 87.9 97.3 2,730 460 
Untreated ¢ _...... 3,276 1,438 2,780 1,012 15.1 29.6 5,360 2,070 


* Average of three or four counts during three to four day pretreatment interval; + Average of four counts dur- 


ing the four to seven day post-treatment interval; 


and 150 per female worm (table 2) are con- 
siderably lower thaa those of the controls. 
In contrast, no significant differences were 
observed in the average daily egg produc- 
tion and larval development of the strain 
B females as a result of treatment with 
either the 0.1-Gm. or 0.25-Gm./lb. dosage 
levels (tables 1, 2). 

In addition to the observations on the 
average daily egg production per female 
worm, the sex ratios of the worms from 
the untreated animals (tables 3, 4) were 
used to estimate the number of male and 
female H. contortus present in the animals 
before treatment. A comparison of these 
pretreatment estimates with the number 
of worms recovered at necropsy after treat- 
ment provided a second means of deter- 
mining removal efficacy. 

On this basis, the 0.1-Gm./lb. dosage 
level was also much more effective in re- 
moving strain A than strain B (table 3). 
Total doses of the drug were small and 
averaged 6.0 Gm. in strain A lambs and 
6.5 Gm. in strain B lambs. Removal of 
strain A male and female H. contortus was 
of a consistently high order, ranging from 
61.7 to 100 and 87.8 to 100 per cent, re- 
spectively. Corresponding values for strain 


** Dosage rate = 0.5 Gm./Ib.; ft Average of 7 lambs. 


B were of a much lower order and ranged 
from 25.3 to 98.7 and 26.7 to 100 per cent, 
respectively. In the aggregate, the differ- 
ences between the means for the strains 
were not statistically significant. 

The 0.25-Gm./lb. dosage level was nearly 
100 per cent effective in removing strain A, 
as only 15 H. contortus worms were recov- 
ered from 1 of 6 animals at necropsy (table 
4). Removal of strain B was less effective 
and more variable, ranging from 46.2 to 
100 per cent and 91.6 to 100 per cent for 
the males and females, respectively. In the 
aggregate, the differences between the mean 
values for the strains were not statistically 
significant. 

The 0.5-Gm./lb. dosage level was 100 per 
cent effective against strain A but showed 
a lack of effectiveness against strain B 
(table 4). Only 44.1 per cent of the males 
and 76.2 per cent of the females were re- 
moved from the single animal treated at 
this level. 

Female H. contortus worms were con- 
sistently more effectively removed than the 
males. The sex ratios of the parasites from 
the untreated animals of both strains were 
consistently close to 1:1 (tables 3, 4). An 
average ratio (male/female) of 6.0:1.0 was 
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found in both strain A lambs treated at 
the 0.1-Gm./lb. and 0.25-Gm./Ib. levels and 
strain B lambs treated at 0.25 Gm./lb. A 
ratio of 1.35:1.0 was recorded for the para- 
sites from strain B lambs receiving the 0.1- 
Gm./lb. dosage. These deviations from the 
sex ratios observed in the untreated animals 
were statistically significant (x? test) be- 
yond the 1 per cent level for both strains 
and the three dosage levels. 


DISCUSSION 


The lowest dosage level (0.1 Gm./Ib.) 
of phenothiazine used in the present trials 
has been reported by several investiga- 
tors 1415 to be sufficient for the highly 
effective removal of Haemonchus spp. from 
both sheep and cattle. In comparison with 
the other nematode parasites of sheep and 
eattle, Haemonchus spp. have generally 
been regarded ® 1° as one of the most .sus- 
ceptible to phenothiazine. Strain A was 
effectively removed by the 0.1-Gm./lb. dose 
level and compares favorably with the fore- 
going reports, whereas strain B was only 
partially removed by 0.1-Gm./lb. doses and 
thus not only has a higher threshold for 
single doses of phenothiazine than strain 
A, but also the other strains of Haemonchus 
that have been studied. 

The 0.25-Gm./lb. dosage level of pheno- 
thiazine has been generally employed for 


treating sheep in this country for the con- 
trol of gastrointestinal nematodes.* 1° This 
level had a uniformly high efficacy of nearly 
100 per cent against strain A, and averaged 
about 85 per cent against strain B. The 
latter is a higher order of activity than 
that generally observed in the field stud- 
ies 1! on strain B, in which approximately 
the same dosage level of a different com- 
mercial preparation of the drug was used 
under field conditions. Even though this 
activity against strain B in the present 
tests might appear to be a satisfactory 
efficacy for practical therapeutics, much less 
effective control of strain B than strain A 
could reasonably be expected under field 
conditions. Further substantiation of this 
was evident in the relatively poor removal 
of strain B from an animal treated at 
twice the usual therapeutic level or 0.5 
Gm./Ib. 

The consistently less effective removal of 
strain B than strain A by the single thera- 
peutic doses is in accord with the previous 
comparison of these two strains** to the 
low-level type of administration which in- 
dicated that strain B has a threshold 4 
to 8 times higher than strain A. The range 
of dosage levels was more restricted in the 
present studies, but a comparable order of 
difference between the strains was evident. 
Strain A was effectively removed by 0.1 


TABLE 3—Efficacy of 0.1-Gm./lb. Dosages of Phenothiazine Against Strain A and Strain 
B Haemonchus Contortus 


No. of worms 


Total . Removal 
* 
Exp. Pretreatment Necropsy efficacy (%) 
No. No. (Gm.) Male Female Male Female Male Female 
STRAIN A (TREATED) 
1 69F 6.0 384 378 147 46 61.7 87.8 
2 613F 5.8 244 240 1 0 99.6 100.0 
3 624F 7.2 138 136 0 0 100.0 100.0 
4 64M 7.9 89 88 0 0 100.0 100.0 
5 716F 4.9 1,392 1,370 156 11 88.8 99.2 
6 713M 5.5 414 407 83 7 80.0 98.3 
.§ 715F 4.5 538 529 37 7 93.1 98.7 
Average 6.0 457 450 61 10 89.0 97.7 
Untreated{ __...... 330 825 349 
STRAIN B (TREATED) 
1 614M 5.5 150 154 112 96 25.3 37.7 
2 639F 7.5 305 314 150 139 50.8 55.7 
3 624F Ped 787 809 346 117 56.0 85.5 
4 622F 8.4 78 80 1 0 98.7 100.0 
5 717M 5.6 966 993 704 728 27.1 26.7 
6 739M 6.0 193 198 50 4 74.1 98.0 
7 712F 4.6 658 677 264 118 59.9 82.6 
Average 6.5 448 461 232 172 56.0 69.5 


* Estimated from 24-hour egg counts. 


+ Average of 7 lambs. 
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TABLE 4—Efficacy of 0.25 Gm./lb. Dosages of Phenothiazine Against Strain A and Strain 
B Haemonchus Contortus 


No. of worms 


Total Removal 
Exp. Pretreatment* Necropsy efficacy (%) 
No. No. (Gm.) Male Female Male Female Male Female 
STRAIN A (TREATED) 
1 63F 14.9 279 275 0 0 100.0 100.0 
2 623F 17.8 114 112 0 0 100.0 100.0 
3 61M 18.8 29 29 0 0 100.0 100.0 
4 66F 21.0 76 75 0 0 100.0 100.0 
5 79F 13.6 912 898 13 2 98.6 99.8 
6 710F 13.3 28 28 0 0 100.0 100.0 
Average 16.6 240 236 2 0 99.2 99.9 
7 73M 24.07 84 85 0 0 100.0 100.0 
STRAIN B (TREATED) 
1 610F 17.0 346 356 186 30 46.2 91.6 
2 623M 15.3 365 875 0 0 100.0 100.0 
3 67M 19.3 270 278 56 22 79.3 92.1 
4 612M 18.5 777 799 158 21 79.7 97.4 
5 76F 14.3 662 681 14 0 97.9 94.2 
6 710F 14.5 199 205 90 12 54.8 94.2 
Average 16.5 437 449 84 14 76.3 95.9 
7 711M 24.5f 522 537 292 128 44.1 76.2 


* Estimated from 24-hour egg count. 


Gm./lb., whereas a similar efficacy against 
strain B was only achieved with 0.25 Gm./ 
Ib., and the action of 0.5 Gm. was incom- 
plete in one trial. Thus, the thresholds of 
these two strains to single therapeutic doses 
of phenothiazine appear to differ at least 
2.5 times. 


Observations on the average 24-hour egg 
production and larval development per fe- 
male on those worms surviving treatment 
were of additional interest in evaluating the 
relative differences between these strains. 
Both egg production and larval develop- 
ment of strain A were significantly lower 
during the four to seven day post-treat- 
ment interval than the untreated control 
values for strain A. In contrast, the egg 
production and larval development for 
strain B females surviving treatment were 
not significantly different from the strain 
B controls. This would also contribute to 
the less effective control of strain B com- 
pared with strain A under field conditions. 

Reductions of total 24-hour egg and lar- 
val counts following treatment appeared to 
give a good evaluation of the removal ac- 
tion on the female worms in comparison 
with the worm recovery data. This was 
contingent upon the facts that (1) a very 
small percentage of strain A, in which the 


+ Dosage rate = 0.5 Gm./Ib. 


** Average of 7 animals. 


post-treatment egg production and larval 
development were significantly depressed, 
survived treatment; and (2) the post- 
treatment egg production and larval devel- 
opment of the relatively large numbers of 
surviving strain B female worms were not 
significantly depressed. 

Post-treatment reductions of total 24- 
hour egg and larval counts tended to over- 
estimate the removal action against male 
H. contortus. Relatively large numbers of 
males were recovered from some of the 
animals showing a marked reduction in 
egg and larval counts after treatment 
and were particularly evident in strain A 
lambs receiving the 0.1-Gm./lb. doses and 
in strain B lambs treated at the 0.26- 
Gm./lb. level. Thus, the present observa- 
tions tend to associate the drug resistance 
with the ability of the females to survive, 
which was most apparent in strain B lambs 
treated at the 0.1-Gm./Ib. level. 

The action of phenothiazine in selectively 
removing females more effectively than 
males has been previously reported 
for H. contortus. This phenomenon has 
also been noticed * following single doses 
of phenothiazine for Trichostrongylus axet 
infection in calves, while the converse has 
been recorded * for strongyles of horses fol- 
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lowing low-level phenothiazine treatment. 

The relative differences between strain A 
and strain B that have been pointed out in 
the foregoing discussion were determined 
under test conditions which were as con- 
stant as was possible to arrange. Many 
factors such as age, sex, body weight, con- 
dition, nutritive state, and breeding of the 
experimental animals; dosage rate, method 
of administration, and physical properties 
of the drug; and age, size, and type of 
parasitic infection may play a role in de- 
termining a drug’s efficacy. These were 
essentially the same for both strains in the 
present experimental design ; however, these 
variables would exist under field conditions 
and may account for the variation between 
the more effective removal of strain B at 
the 0.25-Gm./lb. dosage level than was pre- 
viously recorded '! for this strain under 
field conditions at the same dose rate of 
phenothiazine. 

The test infections of adult H. contortus 
that developed from the standard exposure 
of 2,500 larvae were quite variable, and 
worm burdens ranged from light to mod- 
erate. Efficacy in heavily infected animals, 
as are encountered in the field, may not 
necessarily be the same as observed in 
light to moderate infections. Comparative 
efficacies against these types of infection 
would be of interest and are planned for 
future investigation. 

In the present trials, treatment was 
administered early in the course of the 
experimental infections, at a time when 
the animals were in good condition and the 
worm infections were fairly stable; i.e., 
the ‘‘spontaneous’’ loss of worms was at a 
minimum. The latter was determined by 
the egg and larval counts on untreated ani- 
mals in each experiment for the periods 
corresponding with the pre- and post-treat- 
ment intervals on the treated animals. On 
this basis, strain B showed a greater spon- 
taneous loss than strain A, but no correc- 
tion for these changes in the controls was 
used in the analysis of the egg and larval 
count data on the treated animals. Thus, 
in this comparison, the efficacy against 
strain B was somewhat overrated. 

Caleulating (from the preslaughter av- 
erage egg production and sex ratio of the 
worms from the untreated control animals) 
the number of worms present before treat- 
ment tended to underestimate the number 
of worms in the strain A infected lambs 
because of the slight increase in average 


24-hour egg counts between the pretreat- 
ment and preslaughter intervals. In con- 
trast, the average 24-hour egg counts for 
the strain B controls decreased between the 
same intervals, which tended to give esti- 
mated pretreatment worm burdens higher 
(31%) than the number actually recovered 
at necropsy. No correction was made for 
this spontaneous loss of worms from the 
strain B lambs during the pretreatment 
and preslaughter interval; it was credited 
to the drug when calculating its efficacy 
against the worms. This analysis also over- 
rated the activity of the drug against 
strain B. 

The results of the present trials are in 
accord with the general body of evidence 
comparing these strains. The observations 
have been consistent both in direction and 
magnitude in showing the relative dif- 
ferences between response of these strains 
to phenothiazine, when either the low-level 
or single-dose type of administration was 
used. Until demonstrated otherwise, this 
relative degree of resistance of strain B 
must be regarded as exceptional and does 
not warrant excluding phenothiazine from 
sheep parasite control programs. However, 
it is noted that, the department’s diagnos- 
tie section records, there was a marked in- 
crease during 1958 in the number of cases 
in which there was evidence of the lack 
of effectiveness of phenothiazine under field 
conditions. In general, the flock history for 
these animals indicates that phenothiazine- 
salt (1:9) was available and that several 
therapeutic doses were given at three to 
four week intervals, the last being within 
several days of the necropsy examination 
which revealed acute stomach worm in- 
fection to be the cause of death. Under 
similar circumstances, alternating drenches 
with ‘‘Cu-nie’’ mixture (copper sulfate- 
nicotine sulfate) and phenothiazine has 
provided a generally successful control 
program. 


SUMMARY 


The efficacy of single therapeutic doses 
of phenothiazine against a resistant strain 
B, and a control or nonresistant strain A, 
of Haemonchus contortus was studied in a 
series of seven experiments in which 42 
helminth-free lambs were used. 

Dosage at the rate of 0.1 Gm./lb. was 
highly effective against strain A, reducing 
post-treatment 24-hour egg and larval 
counts on feces 99.4 and 99.1 per cent, re- 
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spectively, and removing an average of 
89.0 and 97.7 per cent of the male and 
female worms, respectively. Corresponding 
averages for this dosage level against strain 
B were 68.2 and 79.5 per cent reductions 
of the egg and larval counts, and 56.0 and 
69.5 per cent removal of the male and 
female worms, respectively. 

The 0.25-Gm./lb. dosage level was 100 
per cent effective in reducing strain A egg 
and larval counts and removed an estimated 
99.2 and 99.9 per cent of the male and fe- 
male worms, respectively. This dosage was 
somewhat less effective against strain B, 
reducing the egg and larval counts an 
average of 96.4 and 95.5 per cent and re- 
moving 76.3 and 95.9 per cent of the male 
and female worms, respectively. 

In single trials at the 0.5-Gm./lb. dosage 
level, complete removal of strain A worms 
was observed, whereas only 44.1 and 76.2 
per cent of the strain B male and female 
worms were removed and egg and larval 
counts were lowered 87.9 and 97.3 per cent, 
respectively. 

A significant reduction of average daily 
egg production and larval development of 
surviving females during the four to seven 
day post-treatment interval was observed 
for strain A but not strain B. Female 
worms of both strains and at all dosage 
levels were removed more effectively than 
the males. 

The 2.5-fold difference between the 
thresholds of these two strains to single 
therapeutic doses in the present tests com- 
pares favorably with the four- to eight- 
fold difference to small daily doses used in 
previous studies. Since this relative resist- 
ance of strain B to phenothiazine is re- 
garded as exceptional, other causative fac- 
tors should not be overlooked in a flock 
with a parasite control problem. 
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Bacteremia in Pregnant Sheep Following 
Oral Administration of Vibrio Fetus 
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JAMES J. GILROY, Ph.D. 
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VIBRIOSIS OF SHEEP, an acute infectious dis- 
ease, is characterized by abortion during 
advanced stages of gestation, and is caused 
by Vibrio fetus. The disease is not evi- 
denced by well-defined clinical signs pre- 
ceeding abortion. Following abortion and 
recovery from infection, abortions usually 
do not recur in the same animals. 

Vibriosis may cause severe economic loss 
from abortions, which may exceed 70 per 
cent in infected flocks, from death of lambs, 
and from a mortality of approximately 5 
per cent of infected ewes. 


Although the pathogenesis of vibriosis in 
sheep is not thoroughly understood, trans- 
mission studies reveal that susceptible ewes 
in advanced stages of gestation are readily 
infected by oral inoculation with V. fetus- 
infected lamb tissues or cultures of V. 
fetus recently isolated from aborted lambs. 


The objective of these studies was to de- 
termine the presence and duration of bac- 
teremia in pregnant ewes following oral 
inoculation with V. fetus. Two experiments 
were conducted. 


REVIEW OF LITERATURE 


McFadyean and Stockman® reported producing 
abortion by inoculating ewes orally with infected 
lamb tissues or V. fetus cultures. They believed the 
oral route to be the most likely means of natural 
transmission. Stockman * reported later that abor- 
tions resulted when 2 healthy, pregnant ewes were 
permitted to share the same pen with infected 
ewes. 

Jensen et al.* fed ovine fetal tissue infected with 
V. fetus to 23 ewes at the beginning of the fifth 
month of gestation and produced abortion in 17 
ewes. No abortions resulted in an additional 68 
ewes which were bred to rams originating from 
flocks of sheep which had histories of vibrionic 
abortions. The rams contained V. fetus in pre- 
putial secretions from natural exposure as well as 
from superimposed intrapreputial inoculation prior 
to the breeding season. Frank et al.’ reported 100 
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per cent abortions in pregnant ewes following oral 
administration of V. fetus-infected tissues and 
fluids obtained from aborted lambs. Lee and Seriv- 
ner* induced four abortions in ewes by feeding 
various materials containing V. fetus. Linden- 
struth et al.’ produced three abortions in ewes from 
which V. fetus was recovered, by feeding hay and 
water inoculated with cultures of V. fetus. Miller 
and Jensen’ isolated V. fetus from the blood of 1 
of 2 rams that had been inoculated orally with 
V. fetus-infected viscera from aborted lambs. 


MATERIALS AND METHODS 


Experiment 1 (1956)—Ewes.—A total of 25 
ewes, 2 and 3 years old, were randomly allotted to 
two lots, A and B. The 2-year-old ewes were pur- 
chased when they were yearlings and had been 
maintained in isolation approximately one year 
prior to use. The 3-year-old ewes each produced 1 
normal lamb the previous year. Ewes from both 
sources originated from flocks which had no history 
of vibriosis. Cervical mucus samples were obtained 
from ewes of both age groups and examined bac- 
teriologically for the presence of V. fetus prior to 
the breeding season. The ewes were bred to a 
healthy ram. Ewes of lot A were not inoculated. 
Ewes of lot B were each inoculated orally with ap- 
proximately 30 Gm. of freshly ground tissues from 
aborted lambs infected with V. fetus. Inoculations 
were made at the beginning of the fifth month of 
gestation. 

Ram.—The ram used for breeding originated 
from a flock having no history of vibriosis. Three 
preputial mucus samples from the ram were ex- 
amined bacteriologically for V. fetus prior to the 
breeding season. 

Blood Cultures.—Jugular blood samples (5 ml.) 
were collected and cultured. Two preinoculation 
and six postinoculation samples were studied. 
Blood was cultured in thiol medium, ineubated 
under partial vacuum at 37C. for 72 hours in an 
atmosphere containing 10 per cent nitrogen gas. 
Blood cultures were gram-stained and examined 
for V. fetus. Isolates were obtained on blood agar 
plates from positive blood cultures. Isolates were 
examined for H.S and catalase activity. 

Serum Samples.—Ten milliliter serum samples 
from 7 inoculated and 6 control ewes were sent to 
a diagnostic laboratory in Scotland and were 
tested for antibodies of ovine virus abortion by 
the complement fixation test. 


Experiment 2 (1958).—Ewes.—A total of 49 
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virgin 2-year-old ewes originated from a flock 
which had no history of infection with V. fetus. 
The animals were arranged in one lot and main- 
tained in isolation for approximately six months 
prior to breeding. During the fifth month of 
gestation, they were inoculated orally with viable 
cultures of V. fetus from aborted lambs. 


TABLE 1i—Vibrio Fetus Bacteremia in Pregnant 
Sheep Following Oral Administration of Tissues 
from Aborted Lambs 


Blood samples— 


Bacteremia 
Preinocu- Postinocu- 
lation lation 
Lots Sheep Oral inoculation Pos. Neg. Pos. Neg. 
A 12 None 0 12 0 12 
B 13 Infected tissue 0 13 6 7 


Ram.—The ewes were bred to a ram originat- 
ing from a flock of sheep having no incidence of 
vibriosis. 

Inoculum.—Cultures used for inoculation of ewes 
were isolated from recently aborted lambs obtained 
from a single source. The inoculum consisted of 
10 ml. of pooled, viable, cysteine-trypticase broth 
cultures of V. fetus adjusted photoelectrically to 
correspond to McFarland nephelometer tube 3. 

Blood Cultures.—Prior to oral inoculation, two 
5-ml, jugular blood samples from each ewe were 


RESULTS 

Experiment 1.—Cervical and preputial 
samples were negative for V. fetus. Two 
preinoculation blood samples cultured from 
pregnant ewes of lots A and B were also 
negative for V. fetus (table 1). 

Bacteremia occurred in 6 of 13 ewes in- 
oculated with lamb tissues infected with V. 
fetus. In addition, V. fetus was isolated 
from the liver of 1 of the 6 ewes. Post- 
inoculation blood samples from ewes of lot 
A were negative throughout the experi- 
ment. Serum samples were negative for 
enzootic ovine virus abortion. 

Experiment 2.—Preinoculation jugular 
blood samples cultured from 49 pregnant 
ewes were negative for V. fetus (table 2). 

Bacteremia was demonstrated in 32 of 49 
pregnant ewes inoculated orally with cul- 
tures of V. fetus. The greatest incidence of 
bacteremia occurred during the third day 
following inoculation. A bacteremia was 
not demonstrated in 2 ewes until the 
twelfth and fourteenth days. Vibrio fetus 
was not found in any blood sample ob- 
tained after the fourteenth day following 
inoculation. 


TABLE 2—Vibrio Fetus Bacteremia in Pregnant Sheep Following Oral Administration 
of Vibrio Fetus Cultures 


Blood samples 


Preinocu- 
lation 
days 


Bacteremia 2 o* 3 5 7 10 12 


35 38 41 46 


14 17 21 25 28 32 


No. positive 0 0 25 11 4 0 1 
No. negative 49 49 24 38 45 49 48 


0 0 0 0 0 0 0 
49 49 49 49 49 49 49 


1 0 0 
48 49 49 


* Blood samples obtained prior to inoculation. 


cultured for V. fetus. Postinoculation blood sam- 
ples were obtained from each ewe over a period of 
46 days. Blood was cultured in cysteine trypticase 
broth containing 0.1 per cent agar. Cultures were 
incubated aerobically at 37 C. for 48 hours. Stained 
smear preparations were examined microscopically 
for V. fetus. 

Cultures positive for V. fetus were subcultured 
on blood agar plates under partial vacuum in an 
atmosphere containing approximately 10.0 per 
eent nitrogen. Isolated colonies on blood agar 
plates were inoculated into screw-capped culture 
tubes of cysteine trypticase broth containing 0.1 
per cent agar and incubated aerobically at 37 C. for 
48 hours. 

The cultures were determined to be V. fetus by 
biochemical tests,’ with the exception of growing 
the microorganisms in eysteine trypticase medium 
without the aid of various gases or reduced oxygen 
tension. 


DISCUSSION 

Although the pathogenesis of vibriosis in 
sheep has not been fully determined, trans- 
mission studies have shown oral inocula- 
tion of V. fetus during advanced stages of 
gestation to be an effective method of trans- 
mission of vibriosis to susceptible ewes. 

The presence of a bacteremia following 
the feeding of V. fetus confirms the assump- 
tion that one portal of entry for V. fetus 
into the animal’s body is through the di- 
gestive tract. 

The failure to demonstrate a bacteremia 
in all inoculated animals may be due to the 
time of blood collection, individual resist- 
ance to infection, contamination of blood by 
other organisms, or culture requirements. 
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BACTEREMIA IN PREGNANT SHEEP GIVEN Visrio Fetus 


SUMMARY 


In ewes inoculated orally at the begin- 
ning of the fifth month of gestation, bac- 
teremia resulted in 6 (46.1%) of 13 ewes 
given tissues from aborted lambs infected 
with Vibrio fetus and in 32 (65.3%) of 49 
ewes given V. fetus culture. 
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Gross Cardiac Changes in Cattle with High Mountain 
(Brisket) Disease and in Experimental Cattle 
Maintained at High Altitudes 
A. F. ALEXANDER, D.V.M., M.S., and RUE JENSEN, D.V.M., Ph.D. 
Fort Collins, Colorado 


HigH MOUNTAIN or brisket disease is a 
syndrome in cattle residing at high alti- 
tudes of the western United States. The 
disease manifests itself as congestive fail- 
ure of the right side of the heart and all 
signs and lesions are attributed to this 
pathological phenomenon. Since congestive 
failure of the right side of the heart also 
occurs at low altitude, where the pathogene- 
sis is usually evident, the term ‘‘high 
mountain disease’’ more clearly designates 
the syndrome as it exists in cattle residing 
at high altitudes. 

The incidence of this disease is estimated 
to be 0.5 to 1.0 per cent of animals ranging 
above 7,000 feet. The incidence in any one 
herd varies from year to year and, in some 
herds, may reach as high as 5 to 10 per 
cent. The disease occurs primarily during 
the fall, winter, and spring months and af- 
fects all age and sex groups, with a higher 
incidence in calves less an 1 year old. 

The disease, usually developing slowly, 
presents signs characteristic of congestive 
failure of the right side of the heart. The 
animal may first be depressed and isolated 
from the herd. As the disease progresses, 
subeutaneous edema develops, starting in 
the ventral pectoral region and extending 
posteriorly along the ventral abdominal 
wall and anteriorly to the intermandibular 
space. Pronounced ascites and marked dis- 
tention and pulsation of the jugular vein 
are usually present. A dark fluid diarrhea 
often develops as the condition progresses. 
Respiration is labored and increased in 
rate, and the animals may appear cyanotic. 
They are reluctant to move, may become 
recumbent and, upon forced exertion, may 
collapse and die. The disease may progress 
rapidly to fatal termination within a week, 
or it may take a protracted course extend- 
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ing up to 12 weeks. Some animals recover 
spontaneously when moved to a _ lower 
altitude. 

Gross lesions of animals suffering with 
high mountain disease relate to congestive 
failure of the right side of the heart. The 
most striking picture is that of generalized 
anasarea with infiltration of transudate into 
the subcutaneous tissues, skeletal muscula- 
ture, and body cavities. Usually, extensive 
hydrothorax and ascites are seen. 

The liver lesions are those of chronic pas- 
sive congestion and range from an early 
‘‘nutmeg’’ appearance to severe central 
or so-called ‘‘cardiac’’ cirrhosis. Marked 
edema of the mesentery and alimentary 
tract wall is often present. The latter 
change accounts for the profuse fluid di- 
arrhea that frequently accompanies this 
disease. 

The lungs show extensive areas of atelec- 
tasis and, in some cases, limited emphy- 
sema. Atelectasis is usually more pro- 
nounced in the dependent portions of the 
lungs and is probably secondary to the 
hydrothorax. Pneumonia is sometimes pres- 
ent. In animals less than 1 year old, 
thrombi are occasionally found in the pul- 
monary arteries. 

The heart shows marked right ventricular 
hypertrophy and dilatation. The anatomi- 
cal cardiac apex, as normally formed by the 
left ventricle, is frequently displaced to 
the left, giving the heart a rounded con- 
tour. The wall of the right ventricle may 
be greatly thickened or moderately thin, 
depending on the extent of the dilatation 
that has occurred. The moderator band ot 
the right ventricle is often hypertrophic 
and may measure 34 of an inch in diameter. 

As this disease appears to manifest itself 
as congestive failure of the right heart, 
the present studies were undertaken to de- 
termine the location and degree of gross 
cardiac changes associated with clinical 
eases of high mountain disease and in ex- 
perimental cattle residing at high altitudes. 
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REVIEW OF LITERATURE 


Giover and Newsom first described brisket or 
high mountain disease of cattle in 1915.°"" They 
stated that the malady had been recognized in the 
mountainous regions of Colorado since 1889. The 
syndrome they described presented the typical 
history, signs, and necropsy lesions as seen today. 
Hearts from animals with clinical cases were en- 
larged, dilated, and usually flaccid. They also ob- 
served that the hearts of normal cattle originating 
from high elevations were heavier and thicker than 
those of animals originating from lower altitudes. 

Caparé6 et described the condition known as 
chronic mountain sickness of cattle as it exists in 
Peru at elevations of 11,000 to 13,000 ft. In that 
country, the disease has been known for many 
years. The environmental conditions, signs, and 
lesions are similar to those described by Glover and 
Newsom. The cardiac changes observed were hy- 
pertrophy and dilatation with a more pronounced 
involvement of the right side of the heart. 

In 1950, Caparé? described mountain sickness in 
sheep in Peru at altitudes of approximately 13,000 
ft. The condition, similar to high mountain disease 
of cattle, presented signs and lesions of congestive 
failure of the right side of the heart. At necropsy, 
the hearts of affected animals showed right ven- 
tricular and atrial dilatation. The hearts from 
3 apparently normal animals at the high altitude 
were heavier than those from normal lambs at sea 
level. 

Pierson and Jensen” stated that high mountain 
disease of cattle is essentially a congestive failure 
of the right side of the heart and is characterized 
by hypertrophy and dilatation of the right side of 
the heart. Ryff* reported this change in only 20 
of 47 cases. 

Sera and Jensen* measured histologically the 
transverse diameters of cardiac muscle fibers of 
hearts from normal cattle and from those with 
high mountain disease. Their work indicated that 
the musele fibers of the right ventricle were 
markedly hypertrophic in the diseased heart, while 
those of the left ventricle showed no consistent al- 
teration from normal. 

In 1918, Glover and Newsom*® compared the 
heart weights of 224 normal cattle raised at high 
altitudes with those of 138 animals raised at ap- 
proximately sea level. Converted to a 1,000-lb. car- 
cass weight basis, the hearts of animals raised at 
high altitudes averaged 0.897 lb. heavier than those 
from the low altitudes. They also compared the 
heart weights from 1 normal and 1 diseased ani- 
mal. Both animals were 4 months old and approxi- 
mately the same weight. The weight of the heart 
of the normal animal was 1.25 lb., while that of 
the animal with high mountain disease was 3.25 lb. 

Van Liere™ studied the effect of prolonged 
hypoxia on the heart weight in guinea pigs. Fif- 
teen adult animals were kept for 20 to 105 days at 
oxygen tensions simulating those found at an alti- 
tude of 14,000 to 18,000 ft. The heart weights 
were compared with those of 73 animals kept under 
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normal conditions. The heart-body weight ratio 
was increased an average of 155 per cent in ani- 
mals maintained under the hypoxic conditions. 
Microscopie study of the hearts showed cardiac 
muscular hypertrophy in 3 of 4 hypoxic animals. 
The heart of the fourth animal showed ‘‘ atrophy 
preceded by hypertrophy.’’ The author postulated 
that the cardiac hypertrophy might be accounted 
for by either or both of two causes: (1) overwork 
due to increased blood viscosity and heart rate; 
(2) injury to the muscle fibers due to hypoxia. 


Tappan and Reynafarje™ compared the heart 
weights of 59 guinea pigs native to 14,900-ft. eleva- 
tion with those of 83 guinea pigs native to sea 
level. The cardiac weights were transposed into 
ratios by the following formula: heart weight/body 
weight x 100. The hearts of those from high alti- 
tudes were heavier (P<0.001) than those from 
sea level. They also translocated 21 sea-level ani- 
mals to the altitude of 14,900 ft. and kept them 
there for 0 to 123 days, with an average of 45 
days. The hearts of these animals were likewise 
heavier (P<0.001) than those of controls at sea 
level. 


Stickney and Van Liere,” in referring to Rotta’s 
work,” stated that the heart weights of guinea 
pigs varied directly with altitude above 12,200 ft. 
and were 30 per cent greater at 14,900 ft. than at 
sea level. A diminished number of cardiac capil- 
laries with an increased diameter of the muscle 
fibers was seen histologically. 

Atland and Highman’* exposed rats intermit- 
tently for four-hour intervals to a simulated alti- 
tude of 25,000 ft. There were 10 animals per ex- 
posure group. After nine months, the heart weights 
for those exposed daily were 62 per cent above 
normal; those exposed every two days were 20 
per cent above normal; and those exposed every 
three days were 13 per cent above normal. The 
heart weights of those groups exposed at 5-, 7-, 
and 10-day intervals did not differ significantly 
from normal. 

Van Liere and Stickney * exposed dogs intermit- 
tently to simulated altitudes of 12,000 to 18,000 ft. 
They found that there was no significant cardiac 
hypertrophy, as the heart weights of the experi- 
mental animals, expressed in grams per kilogram 
body weight, did not vary from the controls. 

Moore and Price“ exposed rats to elevations of 
600 and 7,500 ft. for three months and to an eleva- 
tion of 14,600 ft. for two months. No alteration in 
heart-body weight ratio was noticed. 

Kerwin” radiographically observed the hearts 
of 273 normal Peruvian males residing at high al- 
titude and compared them with hearts of normal 
white inhabitants residing at lower altitudes. The 
cardiac silhouette was found to be larger in the 
high-altitude group. 

Rotta*” made radiographic and electrocardio- 
graphic observations of the hearts of human beings 
living at an elevation of approximately 14,700 ft. 
Radiographic determinations on 400 individuals 
revealed that 69.5 per cent of the hearts had an 
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increased transverse diameter and that 67.0 per 
cent had an increased frontal diameter. Also, 65 
per cent of those with enlarged hearts had right 
heart prominence. Electrocardiographic measure- 
ments en 100 individuals revealed that the QRS 
complex had deviated to the right in 59 per cent 
and to the left in 21 per cent. From these data, 
the author coneluded there was a tendency toward 
hypertrophy of the right side due to overwork of 
the heart, secondary to pulmonary alterations. 
Penaloza™“ studied the electrocardiographic 
changes occurring in ten human subjects who had 
originated from sea level and who had resided at 
an altitude of 14,000 ft. for one year. The altera- 
tions were characteristic of right ventricular hy- 
pertrophy. The author also referred to some of 


TABLE 1—Ventricuiar Ratios in Cattle with 


Changes in pulmonary arterial pressures of eats 
under the stimulus of hypoxia were observed by 
von Euler and Liljestrand.® They found that when 
anesthetized animals were forced to breath 10 to 
11 per cent oxygen in nitrogen, an invariable rise 
in the pulmonary arterial pressure occurred. Lewis 
and Gorlin™ observed a similar phenomenon in 
dogs breathing hypoxic mixtures. 


MATERIALS AND METHODS 


The 119 cattle, from which the hearts for this 
study were obtained, were of three general groups: 
41 had clinical cases of high mountain disease; 39 
were experimental cattle residing at high altitudes; 
and 39 were experimental cattle residing at low 
altitudes. 


High Mountain Disease Versus Normal Cattle 


No. of 


cattle Value RV/T LV/T S/T 
NORMAL 
89 Mean 0.251 0.480 0.269 
Range 0.210—0.284 0.429-—0.500 0.240-—0.321 
Standard 
deviation 0.011 0.021 0.020 
Mountain DISEASE 
41 Mean 0.435 0.317 0.248 
Range 0.308-—0.554 0.228-—0.446 0.213-—0.285 
Standard 
deviation 0.087 0.046 0.019 
“t’’ value* 13.087 20.064 4.949 
Probability <0.001 <0.001 <0.001 


* Value of “‘t’’ for difference between means. 


his unpublished work, which indicated that the 
native residents at that altitude have an even 
greater degree of right ventricular hypertrophy. 

Graybiel et al.® observed cardiac changes in four 
men who were partially acclimatized over a period 
of a month to a simulated altitude of 22,500 ft. 
The heart size, as determined by teleroentgenogra- 
phy, diminished slightly, and it was concluded that 
during early stages of high altitude acclimatiza- 
tion, hypertrophy and dilatation of the heart do 
not occur. 

De Castro and Iglesias‘ studied, at necropsy, 
the hearts from 30 human beings who were ac- 
climatized to an altitude of approximately 13,000 
ft. Eight showed right ventricular hypertrophy, 
one showed left ventricular hypertrophy, and eight 
showed a tendency toward right ventricular hy- 
pertrophy. They concluded that: ‘‘ Permanent resi- 
dence at high altitudes is characterized in an ap- 
preciable number of cases, almost a majority, by a 
diserete hypertrophy of the right ventricle of the 
heart.’’ 

Reissmann ** measured the blood volumes of 8 
dogs that were acclimatized for ten to 12 weeks in 
decompression chambers to an altitude of 20,000 ft. 
The plasma level decreased slowly to a level of 75 
per cent of the normal value, and the cell volume 
increased to 170 per cent of the normal value. The 
total blood volume increased to a level of 125 per 
cent of the normal value. 


Cardiac Measurements——The following proce- 
dure was employed in the processing of all hearts. 
The organ was first examined for changes such 
as pericarditis, myocarditis, valvular defects, and 
developmental abnormalities that might be in- 
volved in the pathogenesis of cardiac hypertrophy. 
If such alterations were present, the heart was dis- 
carded from this study. 

The organ was then divided into three com- 
ponents: right ventricle, left ventricle, and septum. 
The atria, valvular elements, and coronary fat 
were trimmed from each portion, leaving an iso- 
lated mass of ventricular muscle. Each component 
was weighed, and ratios were obtained by dividing 
the weight of the portion of interest by the total 
ventricular weight. 

To facilitate the location of the cardiae changes 
the following ratios were used: 

1) RV/T=ratio of weight of right ventricle 
divided by total ventricular weight. 

2) LV/T =ratio of weight of left ventricle di- 
vided by total ventricular weight. 

3) S/T =ratio of weight of septum divided by 
total ventricular weight. 

Study of Clinical Cases——The hearts from 41 
eattle with high mountain disease were processed 
in the manner described previously. All of these 
animals originated from high altitudes and pre- 
sented typical histories, signs, and lesions of high 
mountain disease. Fresh material was available 
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from 27 such animals, while formalin-preserved 
specimens constituted the remaining 14. 

The data obtained from the animals with clini- 
eal eases were compared with those from 39 normal 
animals which resided at low altitude. The latter 
group comprised the low-altitude lots in the experi- 
ments of 1956 and 1957. 

Experimental Studies.—During each of the years 
1956 (experiment 1) and 1957 (experiment 2), a 
2x2 #actorial experiment was designed to study 
the effect on cattle of: (1) residence at high alti- 
tude and (2) showers of autogenous, fibrinous 
emboli into the pulmonary vascular bed. The first 
factor was chosen because of the association of 
high mountain disease with residence at high alti- 
tude. The second treatment, fibrinous emboli, was 
used because of the occasional thrombosis of the 
pulmonary arteries in young animals affeced with 
the disease. 

In each experiment, 40 cattle were used. The 
animals were yearling Hereford steers of uniform 
breeding, weighing 500 to 600 Ib., originating from 
altitudes of 5,000 ft. or less. They were randomly 
allotted by weight and source into four treatment 
lots of 10 animals each. The following diagram 
depicts the experimental design for both trials. 


Altitude, Treatment A 


0 1 
(1) a 
0 Low altitude High altitude 
No emboli No emboli 
Emboli, 
Treatment b ab 
B 1 Low altitude High altitude 
Emboli Emboli 


The high-altitude treatment was accomplished by 
pasturing the animals at an elevation of approxi- 
mately 9,000 ft. The animals designated to remain 
at the low altitude were pastured at a 5,000-ft. 
elevation. In both experiments, animals were pas- 
tured at these elevations for approximately four 
months, 

The fibrinous emboli for the second treatment 
were prepared from the blood of each recipient 
animal. The blood was drawn aseptically by jugu- 
lar venipuncture and allowed to clot. Twenty four 
hours later, the contracted clot and serum were 
placed in a Waring blendor and ground for ap- 
proximately five seconds. The resulting clots, sus- 
pended in serum, were of such a size that they 
would pass through a 14-gauge, but not a 16-gauge 
needle. This suspension was then reinjected into 
the jugular vein of the donor animal. 

In experiment 1, one administration of the sus- 
pended fibrinous emboli prepared from 100 ml. of 
blood was given before the animals were placed 
at their respective elevations. In experiment 2, 
the emboli treatment was administered four times 
throughout the experiment at approximately three- 
week intervals. The first administration was given 
after the animals were placed at their respective 
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altitudes. The dosage in the latter experiment was 
the suspended fibrinous emboli prepared from blood 
drawn at the rate of 0.2 ml. per pound of initial 
body weight. 

At the termination of each experiment, the ani- 
mals were slaughtered at commercial establishments 
and the hearts were collected for measurement. 

Analysis of Data.—The results obtained from 
the comparison of the hearts of diseased animals 
with those of normal animals were analyzed by 
Student’s ‘‘t’’ test. The data obtained from the 
factorial experiments were subjected to analysis 
of variance with a subdivision into orthogonal 
comparisons. 


RESULTS 


Study of Clinical Cases.—The results 
from the comparison of heart ratios ob- 
tained from animals with clinical cases of 
high mountain disease with those obtained 
from normal animals are given (table 1). 

Compared to the normal heart (fig. 1), 
all hearts from cattle with clinical cases 


Fig. 1—Normal bovine heart—the right ventricle is 
to the right of photograph. 


showed evidence of gross right ventricular 
hypertrophy or dilatation or both (fig. 2-4). 
In the majority of hearts, this process was 
developed to the extent that the normal 
cardiac apex, as formed by the tip of the 
left ventricle, was shifted to the left. When 
this change occurred. the apex of the heart 
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appeared either bifid or, in extreme cases, 
was formed by the right ventricle. 

A histogram of the dispersion of RV/T 
ratios in normal hearts and those affected 
by high mountain disease is presented 
(fig. 5). 

Experimental Studies.—At the termina- 
tion of both experiments, all animals ap- 
peared normal. No gross cardiac changes 
could be detected by visual examination. 

Experiment 1.—The statistical analysis 
of pertinent data obtained from experi- 
ment 1 is presented (table 2). 


TABLE 2—Experiment 1, Analysis of Variance 
(1956) 


Key Proba- 
Measurement out Effect df bility 
Initial body weight Mean 509.0 
(Ib.) —9.0 1 
B —5.0 1 
AB +19.0 1 
36 
Final body weight Mean 616.0 
(Ib.) —41.0 1 
B 11.0 1 
AB —37.0 1 
35* 
RV/T Mean 0.256 
A 0.049 1 <0.001 
B —0.001 1 
AB —0.009 1 
347 
LV/T Mean 0.476 
A —0.055 1 <0.01 
B 0.027 1 
AB 0.031 1 
347 
8/T Mean 0.268 
A 0.007 1 
B —0.027 1 
AB —0.019 1 
347 
Right ventricular Mean 201.0 
weight (Gm.) A 45.0 1 <0.01 
B 15.0 1 
AB —17.0 1 
347 
Left ventricular Mean 376.0 
weight (Gm.) A —23.0 1 
B 41.0 1 
AB —7.0 1 
347 
Septum weight Mean 210.0 
(Gm.) A 13.0 1 
B —3.0 1 
AB —29.0 1 <0.05 
84 
A=effect of altitude; B=—effect of emboli; AB— 


effect of interaction of altitude and emboli. 
* Loss, one degree of freedom; floss, two degrees of 
freedom. 


One animal from treatment group B 
(low altitude-emboli) died from septic 
pulmonary embolism and thrombosis dur- 
ing the course of the experiment. The mean 
from the measurements obtained from the 
other 9 animals in this group was substi- 
tuted for these lost data, and a reduction of 


Fig. 2—Heart from a cow with high mountain dis- 


The right ventricle is to the right of 
photograph. 


ease. 


one degree of freedom in the error term 
was made. 

One of the hearts from an animal in 
treatment group AB (high altitude-emboli) 
was destroyed at the time of slaughter with- 
out obtaining accurate ventricular ratios. 
Again, the group mean was substituted for 
the missing data and a reduction of an ad- 
ditional degree of freedom in error was 
made. 

There was no significant difference in 
ventricular ratios due to the effect of the 
emboli treatment or its interaction with al- 
titude treatment. The actual septal weight, 
however, decreased due to the effect of the 
interaction of altitude and emboli. This 
decrease was barely significant at the 0.05 
level. The standard deviation of the RV/T 
ratio in the 39 normal hearts (table 1) is 
about half that of the standard deviation 
of the LV/T and S/T ratios. This varia- 
tion is present because the dissecting tech- 
nique of separating the right ventricle 
from the heart is more easily and ac- 
eurately accomplished than that of separat- 
ing the left ventricle and septum. Thus, it 
is felt that the low significance of the de- 
crease in septal weight due to the altitude- 
emboli interaction is one of method rather 
than one of treatment. 

With these assumptions, and since there 
was no significant difference in ventricular 
ratios due to the main effect of emboli, it 
is statistically valid to observe the results 
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considering only one treatment—altitude— 
at two levels. This comparison is shown 
(table 3). 

Experiment 2.—The statistical analysis 
of data obtained from experiment 2 is 
presented (table 4). Again there was no 
statistical difference due to the emboli 
treatment and, therefore, the results are 
grouped (table 5) according to the two 
levels of altitude. 


DISCUSSION 


The review of literature indicates that 
the predominant visual cardiac changes in 
high mountain disease of cattle are those 
of hypertrophy and dilatation of the right 
ventricle. These changes are in keeping 
with the generalized signs and lesions of 
the disease. 


Fig. 3—Cross section of a heart from a cow with 
high mountain disease. Observation is toward the 


apex of the ventricles. The wall and moderator 
band of right ventricle are hypertrophied. The 
right ventricle is to the right of the photograph. 


The literature also indicates that some 
degree of cardiac hypertrophy may occur 
when animals reside for a considerable 
time in rarefied atmospheres similar to 
those found at the higher elevations. More 
recent work in the field of human medicine 
has shown that, in people native to the 
higher elevations, there is a tendency for 
this hypertrophy to be located in the right 
ventricle. , 

Total heart weight varies directly’ with 
the body weight of an animal. There- 
fore, measuring and locating gross changes 
within ventricular muscle indicative of hy- 
pertrophy necessitates a method whereby 
the actual ventricular weight is not the 


unit of measurement. This may be accom- 
plished by obtaining the ratio between the 
ventricular component of interest and the 
total ventricular weight. 

Clinical Cases——The highly significant 
increase in the RV/T ratio in the hearts 
from cattle with clinical cases of high 
mountain disease is indicative of marked 
right ventricular hypertrophy (table 1). 
The fact that there was a correspondingly 
significant decrease in the LV/T ratio illus- 
trates a serious statistical problem which 
is encountered when dealing with ratios; 
namely, it is difficult to know whether the 
numerator or the denominator of the ratio 
is the factor which is changing. This 
answer could not be obtained from the com- 
parison of the actual weight of the ven- 
tricular components, because the animals 
varied greatly in size and age. No grossly 
visible changes in the left ventricles of the 
hearts from cattle with clinical cases could 
be discerned, while the right ventricular 
alterations from normal were striking. It 
was therefore concluded that the increase 
in the RV/T ratio in the animals with clini- 
cal cases was due to a severe right ven- 
tricular hypertrophy. This evaluation is 
supported by the observations of Sera and 
Jensen.?® 

The histogram (graph 1) indicates that 
not only is the RV/T ratio increased in all 
cattle with clinical cases, but the distri- 
bution curve of this ratio is markedly 
flattened, ranging from mild to advanced 
hypertrophy. The distribution curve of the 
control or normal animals, however, shows 


Fig. 4—Cross section of same heart shown in Fig. 
3. Observation is toward the A-V valves. The right 
ventricle is to the right of the photograph. 
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distinct kurtosis, with 37 of the 39 ratios 
falling in either of two adjacent class 
limits. The lack of kurtosis of the curve 
observed for the diseased hearts is in keep- 
ing with the variation in the severity of 
the syndrome as it occurs in a normal 
population. 

The highly significant decrease in the 
S/T ratio of the hearts from animals with 
clinical cases may indicate a mild degree 
of hypertrophy of the septal component. 
The mean increase in the RV/T ratio was 
42 per cent. 

Because the data is in the form of ratios, 
the summation of the percentage decrease 
in the LV/T and S/T ratio must likewise 
equal 42 per cent—a minus 34 per cent for 
the LV/T ratio and a minus 8 per cent for 
the S/T ratio. If there had been no altera- 
tion in the actual weight of the left ven- 
tricle and septum, these ratios would have 
maintained the same proportion to one 
another. Had this been the case, the LV/T 
ratio would have decreased 27 per cent and 
the S/T ratio would have decreased 15 per 
cent. 

In these data, the LV/T ratio decreased 
34 per cent. If the assumption is made 
that there was no change in the actual left 
ventricular weight, the decrease of 8 per 
cent by the S/T ratio actually indicates 
a mild degree of hypertrophy in this 
component. 

This change is both anatomically and 
physiologically logical. The septum forms 
the medial wall of both the ventricular 


chambers of the heart. If a physiological or 
pathological alteration was present to cause 
right ventricular hypertrophy, there would 
also be a certain degree of hypertrophy of 
that portion of the septum which forms the 
medial wall of the right ventricle. 


TABLE 3—Ventricular Ratios, Experiment 1 
(1956) 
Value RV/T LV/T S/T 
5,000 Fr. 
Mean 0.244 0.490 0.266 
Range 0.210—0.265 0.429-—0.545 0.267—0.361 
Standard 
deviation 0.013 0.026 0.020 
9,000 Fr. 
Mean 0.269 0.462 0.270 
Range 0.243—0.287 0.390—0.499 0.239—0.338 
Standard 
deviation 0.012 0.080 0.026 


At each altitude, values were obtained from 19 cattle. 


Experimental Studies—The fact that 
no clinical cases of high mountain disease 
developed in the cattle in the experimental 
groups was not unexpected. The normal 
incidence of the disease is approximately 
0.5 to 1.0 per cent of animals residing above 
7,000 ft. The total number of animals in 
the two experiments at 9,000 ft. was 40. 
This number is less than half of that needed 
to statistically expect a naturally develop- 
ing case. 

Experiment 1.—In experiment 1, there 
was a highly significant increase in the 
ratio of the right ventricle to the total ven- 
tricular weight, due to the effect of the al- 
titude treatment alone. Here again is the 
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problem as to whether this is actual right 
ventricular hypertrophy or is only relative 
due to a decrease in the left ventricular 
and septal weights. 

The animals in this experiment were of 
uniform breeding and weight and were 
randomly allotted to the treatment groups 
by weight. At the beginning of the ex- 
periment, there was no statistical difference 
in body weight. At the termination of the 
trial there was again no significant differ- 
ence in body weight (table 2). In these 
animals, therefore, a statistical comparison 
of the actual weight of the ventricular com- 
ponents is valid. 

Table 2 shows a highly significant in- 
erease in the weight of the right ventricle 
due to the effect of altitude, but no statis- 
tical difference in the weight of the left 
ventricle of the four treatment groups. The 
decrease in the weight of the septum, due 
to interaction of the main effects, is proba- 
bly due to variation in dissection technique 
rather than to experimental treatment. 

It is inferred from the experimental data 
that the increase in the RV/T ratio is due 
to the effect of altitude and reflects an 
actual increase in weight of the right ven- 
tricle ; 7.e., right ventricular hypertrophy. 

Experiment 2.—The results revealed a 
highly significant increase in the RV/T 
ratio under the effects of altitude (table 4). 
The LV/T ratio decreased with the same 


TABLE 4—Experiment 2, Analysis of Variance 
(19 


57) 
Key Proba- 
Measurement out Effect df bility 
Initial body weight Mean 560.0 
(Ib.) A 2.0 1 
B 2.5 1 
AB —2.0 1 
36 
Final body weight Mean 691.0 
(Ib.) A 58.0 1 <.01 
B —7.0 1 
AB —7.0 1 
36 
RV/T Mean 0.266 
A 0.018 1 <.01 
B —0.005 1 
AB —0.002 1 
36 
LV/T Mean 0.464 
A —0.014 1 <.05 
B 0.003 1 
AB —0.002 1 
36 
8/T Mean 0.270 
A —0.004 1 
B 0.002 1 
AB 0.004 1 
36 
A=effect of altitude; B—effect of emboli; AB= 


effect of interaction of altitude and emboli. 


statistical probability and there was no 
significant alteration in the S/T ratio. 

Again in this experiment, there was no 
significant difference in initial body weight 
of the animals in the respective treatment 
groups. At the termination of the experi- 
ment, however, there was a highly signi- 
ficant increase in body weight due to the 
effects of altitude. This alteration made in- 
valid a comparison of the actual weight of 
the ventricular components. 

In this experiment, the animals residing 
at high altitude were grazing on far supe- 
rior pasture than were those at low alti- 
tude. This fact is believed to account for 
the difference in final body weight in this 
trial. 


TABLE 5—Ventricular Ratios, Experiment 2 
(1957) 
Value RV/T LV/T 8/T 
5,000 Fr 
Mean 0.258 0.471 0.272 
Range 0.235-—0.284 0.434—0.500 0.251—0.296 
Standard 
deviation 0.003 0.007 0.019 
9,000 Fr. 
Mean 0.275 0.456 0.268 
Range 0.226—0.324 0.427-—0.500 0.237-—0.289 
Standard 
deviation 0.025 0.017 0.016 


At each altitude, values were obtained from 20 cattle. 


Based on information obtained in experi- 
ment 1, where the final body weight was the 
same for all groups, it is concluded that 
the increase in the RV/T ratio is due to an 
increase in the right ventricular weight 
and not a decrease in weight of the other 
components. 

The means for the RV/T ratio of both 
the high and low altitude animals were 
increased in experiment 2 as compared with 
experiment 1 (tables 3,5). The animals 
used in experiment 2 came from an alti- 
tude of 2,500 to 3,500 ft., while those used 
in experiment 1 eame from an altitude of 
approximately 5,000 ft. A postulation is 
made that the animals in the second ex- 
periment underwent greater altitude stress 
change, resulting in a mild right ventricu- 
lar hypertrophy in both low- and high- 
altitude groups. The difference between the 
RV/T ratios in the high- and low-altitude 
groups in both experiments is approxi- 
mately the same (0.025 in experiment 1 
and 0.023 in experiment 2). 

The study of hearts from cattle with 
clinical cases of high mountain disease 
reveals that there is a marked right ven- 
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tricular hypertrophy accompanied by a 
moderate hypertrophy of the septum. These 
changes are compatible with the clinical 
and necropsy syndrome of congestive fail- 
ure of the right heart that is seen in this 
disease. 

From the designed experiments it may 
be concluded that residence at high alti- 
tude causes a mild, but statistically sig- 
nificant, hypertrophy of the right ventri- 
ele of the heart in cattle. This finding 
strengthens the premise that residency at 
high altitude is probably an important fac- 
tor in the cause of high mountain disease 
of cattle. 

Cardiac muscle, like skeletal muscle, hy- 
pertrophies when an increased work load 
is placed on it. The right ventricular hy- 
pertrophy seen with residence at high alti- 
tude must, therefore, be due to an increased 
work load on the right heart. The function 
of the right ventricle is to pump unoxygen- 
ated blood through the lungs where gaseous 
exchange takes place. The increased work 
load upon the right heart must, therefore, 
be due to some alteration in the pulmonary 
circulation with a resulting increase in 
resistance to flow. 

Increased blood viscosity or volume, or 
both, are factors which might elicit this 
change. The polyeythemia, which is gener- 
ally accepted as accompanying acclimatiza- 
tion to high altitudes, could presumably 
cause an increase in blood viscosity. An in- 
crease in total blood volume has also been 
shown to accompany acclimatization to high 
altitudes.1® These changes, however, should 
place an equal stress on both the right and 
left heart and cause bilateral changes. 
However, the changes appeared to be con- 
fined to the right ventricle. The possibility 
exists that the left ventricle has sufficient 
reserve strength that such a mild stimulus 
would not cause it to hypertrophy. 

A more plausible explanation is that hy- 
poxia experiments, it is possible that a 
atmospheres, causes an increase in the pul- 
monary resistance, an elevation in the 
pulmonary arterial pressure and, conse- 
quently, a greater work load on the right 
heart. The work of von Euler and Liljes- 
trand ° with cats and of Lewis and Gorlin 1! 
with dogs lends support to this hypothesis. 
While these investigators found elevated 
pulmonary arterial pressures in acute hy- 
poxia experiments, it is possible that a 
chronic hypoxie stimulus could cause a 


mild increase in pulmonary vascular resist- 
ance and pressure, and thus account for 
the moderate right ventricular hypertro- 
phy which occurred. 

In addition, moderate vascular constrie- 
tion, over and above that found at lower 
elevations, could stimulate the development 
of permanent anatomic changes in the 
pulmonary arteries and arterioles. Such 
changes could include medial hypertrophy, 
the laying down of medial collagen, and 
intimal proliferation. 

An additional possibility exists wherein 
the effects of pulmonary hypertension in- 
creased blood viscosity, and increased blood 
volume, combine to increase the work load 
of the right side of the heart. 


SUMMARY 


1) A study was made to determine the 
location and degree of gross cardiae changes 
within the hearts of 41 cattle with clinical 
eases of high mountain disease; 39 cattle 
residing at high altitudes; and 39 cattle 
residing at low altitudes. 

2) Study of hearts from animals with 
clinical cases of high mountain disease re- 
vealed a marked right ventricular hyper- 
trophy with mild hypertrophy of the 
septum. 

3) Experimentation showed that contin- 
uous residence at high altitude caused mild, 
but statistically significant, hypertrophy of 
the right ventricle. 

4) Chronic hypoxia is postulated to be a 
causative factor in the development of the 
right ventricular hypertrophy. 

5) In the quantities given, showers of 
autogenous, fibrinous emboli into the pul- 
monary vascular system caused no signifi- 
cant cardiac hypertrophy. 
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Sodium Metabisulfite and Sulfur Dioxide Gas 
(Silage Preservative) Poisoning in Cattle 


A. J. LUEDKE, D.V.M.; J. W. BRATZLER, Ph.D.; 
H. W. DUNNE, D.V.M., Ph.D. 


University Park, Pennsylvania 


THE BENEFICIAL EFFECTS of sodium metabi- 
sulfite as a silage preservative have been 
The metabisulfite method 
of silage preservation has been extensively 
used, and there have been no confirmed 
eases of intoxication associated with the 
feeding of this silage. However, there have 
been occasional obscure cases of intoxica- 
tion in which the feeding of metabisulfite 
silage was suggested as a possible cause.® 

Studies on the toxicity of metabisulfite 
and sulfur dioxide gas for cattle and ob- 
servations on the effects of feeding metabi- 
sulfite silage to cattle over a period of sev- 
eral years are reported in this paper. 


MATERIALS AND METHODS 


Sodium metabisulfite was given twice daily to 
fistulated dairy cattle immediately after it was 
prepared as a water solution. Only the measured 
amount of metabisulfite introduced into the rumen 
through the fistula was used in calculating intake. 
One half of the daily dose was given in the morn- 
ing and the other half in the late afternoon. Small 
additional but variable amounts of metabisulfite 
were consumed when some of the animals were fed 
preserved silage, but no attempt was made to use 
these amounts in caleulating the intake. A small 
eylinder of sulfur dioxide was used to introduce 
this gas constantly through a tube in the fistula. 
The flow was regulated by a needle valve and 
eylinder weights were recorded in order to deter- 
mine the amount of gas introduced during each 
24-hour period. 

Information on experimental animals is given 
(table 1). All animals were clinically examined 
daily. 

Blood was collected from the jugular vein of 
each animal and smears for differential leukocyte 
determinations were made within 15 minutes after 
collection. Sodium fluoride was used as the anti- 
coagulant in samples collected for blood glucose 
determinations, and potassium oxalate was used 
in the samples collected for blood urea nitrogen 
determinations. Potassium and ammonium oxa- 
lated blood was used for all other samples. 


From the Departments of Veterinary Science (Luedke 
and Dunne) and Animal Nutrition (Bratzler), Pennsyl- 
vania State University, University Park. Authorized for 
publication as Journal Series paper No. 2295 from the 
Pennsylvania Agricultural Experiment Station. 


The following procedures were used for hema- 
tological and biochemical determinations: Wright’s 
stain for differential leukocyte counts,’ Peter and 
Van Slyke’s method for blood glucose,” * and Van 
Slyke and Cullen’s method for blood urea nitro- 
gen." Sections were taken at necropsy and stained 
with hematoxylin and eosin. 

Base-line clinical, hematological, and biochemi- 
eal data were collected for at least one week on 
animals B121, B190, B230, and B262 prior to giy- 
ing the preservatives. 


EXPERIMENTAL PROCEDURE AND 
CLINICAL RESULTS 


Experiment 1.—Cows B164 and B145, on 
a ration of clover silage and concentrate, 
were given bisulfite at the rate of 80 Gm. 
per day. The rate was increased 40 Gm. 
every two days. On the sixth day, both 
cows quit eating and bisulfite feeding was 
discontinued. Appetites gradually returned 
and, six days after the experiment was 
stopped, both cows were on full feed. Three 
days after the cows returned to full feed, 
they were regarded as being normal. A 
new trial was then initiated at the level of 
80 Gm. per day. Only the amounts of meta- 
bisulfite given in the second trial were used 
in ecaleulating the total intake on this 
experiment. 

Cow B164, which was in the third month 
of gestation at the start of the experiment, 
was given 80 Gm. per day for 180 days, at 
which time she calved normally. Neither 
the cow nor the calf showed any abnormali- 
ties at any time. 

Cow B145 was given metabisulfite at the 
rate of 80 Gm. per day for the first week, 
120 Gm. per day the second week, and 160 
Gm. per day the third week. On the eight- 
eenth day of the experiment, she was un- 
able to stand and showed occasional con- 
vulsions. By the twentieth day, there was 
complete anorexia and the cow was killed 
for necropsy. 

Experiment 2.—Heifers B121 and B190 
were used in experiment 2. At the begin- 
ning of the experiment, heifer B121 was 
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fed preserved grass silage ad libitum. As 
the dosage of metabisulfite increased, the 
silage intake declined, and it was neces- 
sary to add hay and grain to the ration. 
Heifer B190 was given only hay and grain 
throughout the experiment. 

Heifer B121 was started at a daily dos- 
age of 80 Gm. of metabisulfite. The daily 
dosage was increased to 120 Gm. for the 
second week, 160 Gm. for the third week, 


per day for two days of the third week, 
when the steer died. 

A temperature of 104.8 F. was observed 
on the fifth day and the first signs of ano- 
rexia occurred on the tenth day. A heavy 
mucopurulent nasal discharge, followed by 
diarrhea, constipation, and coughing, was 
observed on the ninth day and continued 
until the animal died. 

Since considerable necrosis of the dorsal 


TABLE 1—Results from Feeding Sodium Metabisulfite and Sulfur Dioxide Gas to Fistulated 


Cattle 
Estimated Total 
Estimated body weight bisulfite 
No. and Sex and body weight lost No. experi- or SOz 
breed age (Ib. ) (Ib. ) ment days (Gm.) Results 
B164 Cow 1,200 None 180 14,400 Normal 
Guernsey adult 
B145 Cow ee 20 2,360 Death 
Holstein adult 
B121 Heifer 850 250-300 37 6,040 Death 
Ayrshire 16 months 
B190 Heifer 600 200 16 1,720 Death 
Shorthorn 16 months 
B230 Steer 600 250 16 1,995 Death 
Jersey 14 months (SOz) 
B262 Steer 600 200 21 1,944 Death 
9 months (SO2) 


Holstein 


100 lb. of well-preserved silage contains approximately 45 Gm. sulfite. 


200 Gm. during the fourth and fifth weeks, 
and 240 Gm. per day for three days of the 
sixth week, when she died. The first signs 
of anorexia occurred during the second 
week, when the dosage of metabisulfite was 
120 Gm. per day. Other signs of illness 
in the order of their appearance were: con- 
stipation, mild depression, dyspnea, vomit- 
ing, excessive salivation, diarrhea, severe 
dysentery, and terminal depression. 

Heifer B190 was started on a daily dos- 
age of 80 Gm. of metabisulfite, the dose 
was inereased to 120 Gm. for the second 
week, and 160 Gm. per day was given for 
two days of the third week, at which time 
she died. This animal exhibited a marked 
decline in hay and grain consumption 
starting on the third day of the experiment 
and continuing until the twelfth day, when 
anorexia was complete. Other clinical signs 
observed were occasional coughing, consti- 
pation, and severe terminal dysentery. 

Experiment 3.—Sulfur dioxide gas was 
introduced through rumen fistulas in steers 
B230 and B262. 

In steer B230, the gas was released at a 
point well above the liquid contents of the 
rumen. The amount of gas introduced was 
50 Gm. per day for the first week, 162 Gm. 
per day for the second week, and 255 Gm. 


rumen wall of steer B230 occurred as a re- 
sult of direct contact with sulfur dioxide 
gas, in steer B262 the gas was introduced 
into the liquid portion of the rumen con- 
tents. This steer was given 53 Gm. per day 
the first week; 73 Gm. per day the second 
week; 145 Gm. per day the third week; 
and 47 Gm. on the first day of the fourth 
week, when death occurred. Anorexia be- 
gan on the fourteenth day. Other clinical 
signs were similar to those observed in steer 
B230, except for terminal nystagmus and 
severe depression. 


GENERAL RESULTS 

The clinical course was 37, 16, 16, and 21 
days for animals B121, B190, B230, and 
B262, respectively (table 1). The onset 
and severity of the signs observed were 
closely correlated with the amounts and 
rates of administration of the preserva- 
tives. Anorexia and severe body weight 
loss were the predominating signs of ill- 
ness. Constipation, diarrhea, depression, 
and dysentery were common signs. Ano- 
rexia was observed at three and eight days, 
respectively, in the 2 animals given sodium 
metabisulfite, and at 10 and 14 days in the 
2 steers given sulfur dioxide gas. Anorexia 
in heifer B190 was complete for six days. 
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Graph 1—Changes in neu- 
trophil percentage during 
the course of sodium met- 
abisulfite and sulfur di- 
oxide gas intoxication, 


i 4 i 4 
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Depression was more severe and constant anorexia. Erythrocyte counts tended to 


in animals given metabisulfite, but dis- 
charge from the external nares was not ob- 
served in these animals. One of the animals 
given sulfur dioxide gas had considerable 
heavy mucopurulent discharge, and the 
other a thick mucous nasal discharge. 
Coughing varied from mild to moderate 
and was inconsistent and sporadic. 


HEMATOLOGICAL OBSERVATIONS 

Coincident with the first signs of ano- 
rexia, there was a general but variable 
increase in hematocrit values which was 
related to the duration and degree of 


A= B190 (Metabisulfite) 
B= 5230 (Sulfur dioxide gas) 
C= B262 (Sulfur dioxide gas) 
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Graph 2—Changes in blood urea nitrogen deter- 
minations during the course of sodium metabisul- 
fite and sulfur dioxide gas intoxication. 


parallel the hematocrit values. The mean 
corpuscular hemoglobin concentration grad- 
ually decreased, except for minor fluctua- 
tions in all 4 animals. 

Leukocyte counts generally ranged from 
9,500 to 15,000/emm., but several counts of 
21,000 to 35,000 were observed. The higher 
counts were one- or two-day peaks occur- 
ring in the latter half of the experimental 
period. 

The usual range of icterus index was 10.0 
to 15.0 during the last five to ten days of 
the experimental periods. In 1 animal, it 
reached 21.1. 

A constant shifting of the differential 
leukocyte counts occurred when the rate of 
preservative administration was at the 
higher levels. The more pronounced chang- 
ing occurred in the neutrophils with a cor- 
responding shift of the large and small 
lymphocytes (graph 1). An occasional mild 
to moderate single-day increase occurred in 
the eosinophils, monocytes, and basophils 
but, in general, no significant change 
occurred. 


BIOCHEMICAL OBSERVATIONS 


No significant change in blood glucose 
levels was observed. Blood urea nitrogen 
values decreased significantly in all ani- 
mals (graph 2). 

Residual sulfite of the rumen contents, 
determined by the method of Nichols and 
Reed,’® showed that added sulfite disap- 
peared rapidly until the dosage level of 
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200 Gm. per day was reached (graph 3). 
At this point, the residual sulfite of the 
rumen contents was extremely high; dur- 
ing the two days preceding death, the level 
was so high that an accurate determination 
could not be made. 


Necropsy OBSERVATIONS 


Rumen.—Rumen lesions varied with the 
preservative given. General thickening of 
the rumen wall and mild, subserous, suffu- 
sion hemorrhage occurred in the 2 animals 
given sulfur dioxide gas. In all 5 animals 
which died, there was a mild to moderate 
congestion of the mucosa. In 1 animal, the 
gas directed toward the dorsocaudal por- 
tion of the rumen produced a severely 
thickened rumen wall over an area of 10 
square inches. Marked suffusion hemor- 
rhage occurred in the serosa, while a 4- 
inch-thick membranous exfoliation resulted 
on the mucosal surface. 

Microscopically, congested portions of 
the rumen showed severe congestion of the 
lamina propria as well as edema. There 
were a few focal areas of hemorrhage, 
erosions and leukocyte infiltrations of the 
tips of the papillae. In the more severely 
thickened portions of the rumen wall, there 
was complete structural disorganization. 
Most of the mucosa was eroded; consider- 
able leukocyte infiltration and marked in- 
erease of connective tissue were observed. 

Reticulum.—Moderate congestion oc- 
eurred in 4 of the 5 cattle. Upon micro- 
scopic observation, there were variable 
erosions and leukocyte infiltrations of the 
tips of the papillae. In 1 animal, mild 
coagulation necrosis occurred under the 
cornified stratified squamous epithelium. 

Omasum.—Gross and microscopic lesions 
similar to those in the reticulum were 
observed. In addition, in 1 animal the 
contents were fluid, while in another there 
was localized necrosis of the ‘‘leaves.”’ 

Abomasum.—One animal on each pre- 
servative developed acute hemorrhagic gas- 
tritis. The animal given sulfur dioxide gas 
had numerous bleeding points, and the ab- 
omasal contents were chocolate colored. The 
other 3 animals showed mild to moderate 
congestion of the mucosa. 

Histologically, there was usually some 
erosion, leukocytie infiltration, congestion, 
and hemorrhage of the mucosa. In the ani- 
mals with more severe cases, there was 
severe edema of the submucosa and tunica 
muscularis. 


Small Intestines.—Gross pathological 
changes varied from none to acute hemor- 
rhagic enteritis and corresponded with the 
degree of changes in the other organs. 
These varied with the type and total 
amount of preservative administered, and 
the duration of administration. Animals 
B145 and B121 showed no gross lesions, 
B190 and B230 showed a few petechial 
hemorrhages and marked catarrhal enteri- 
tis, and B262 had marked hemorrhagic 
enteritis of the duodenum that changed into 
marked catarrhal enteritis. 


Histopathologically, there were varying 
degrees of hyperemia, edema, and cellular 
infiltration of the propria. The villi were 
swollen. In animals with more severe cases, 
the inflammatory reaction extended to the 
submucosa, with severe mucous degenera- 
tion in Lieberkiihn’s glands to the extent 
that few of the gland cells remained intact. 
The usual superficial effects of desquama- 
tion, erosion and, in a few cases, leukocytic 
infiltration were observed. 

Large Intestines.—Grossly, acute ca- 
tarrhal enteritis was observed in steer B262, 
whereas only a few sporadic petechial hem- 
orrhages and hyperemia were observed in 
the other animals. 

Microscopically, only the superficial ef- 
fects of desquamation, erosion, hyperemia, 
and occasional petechial hemorrhages were 
found. 

Liver and Gallbladder.—Grossly, the 
liver showed either mild congestion and a 
few localized areas of fatty degeneration or 
no pathological changes. The variation was 
associated with the severity and duration 
of illness and the total amount of preserva- 
tive administered. The gallbladder of steer 
B262 showed several ecchymotic hemor- 
rhages in the mucosa and thickened bile. 
The bile was also thickened in heifer B121. 

Microscopically, the livers of animals 
B121 and B262 showed focal areas of coagu- 
lation necrosis, cloudy swelling, and fatty 
degeneration as compared with severe fatty 
degeneration, coagulation necrosis, and con- 
gestion in heifer B190. 

Spleen and Lymph Nodes.—A few pete- 
chial hemorrhages were observed in the 
spleen of steer B262; in heifer B121, the 
spleen capsule was thickened and the mes- 
enteric lymph nodes were enlarged and 
edematous. In cow B145, the parotid and 
submandibular lymph nodes were enlarged 
and edematous. 

Kidney.—Mild to moderate swelling oc- 
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| --- 40 Gm, at 8:30 A.M. & 40 Gm, at 4200 P.M, 
—— 60 Gm, at 8:30 A.M. & 60 Gm, at 4:00 P.M, 
2.40) —-— 80 Ga. at 8:30 A.M, & 80 Gm, at 4:00 P.M. Graph 3—Rate of disap. 
100° Gm. at 8:30 A.M. & 100 Gm. at 4:00 P.M. pearance of sodium meta- 
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bisulfite in rumen con. 
tents of heifer B121 when 
added through a fistula, 


HOURS 


curred in the kidneys of 3 of the 5 animals, 
with mild to moderate congestion in 2 of 
the cattle. The kidneys appeared shrunken 
in 1 animal. 

Microscopically, the kidneys of animals 
B121, B190, B230, and B262 showed mod- 
erate to severe nephrosis with some mod- 
erate cystic dilatation of the convoluted 
tubules. Occasionally leukocytice infiltra- 
tions were seen. 

Respiratory System.—In 3 of the ani- 
mals, the lungs were mildly to moderately 
emphysematous. In heifer B121, there was 
marked emphysema, numerous subpleural 
petechial hemorhages, and a small area of 
.cute bronchopneumonia in the dependent 
portion of the apical lobe of the right lung. 
In 2 animals, there was severe hemorrhage 


3330 


and edema of the larynx, while in the other 
3 animals necropsied the larynx was ap- 
parently normal. Animals B121, B190, and 
B262 had severe petechial ecchymotie and 
suffusion hemorrhages along the ventral 
wall of the cranial portion of the trachea 
(fig. 1). In addition, there was moderate 
submucosal edema of the trachea. Only a 
mild to moderate congestion was observed 
in 1 of the remaining 2 animals. 

Cardiovascular System.—Steer B262 had 
a moderate number of petechial, ecchymo- 
tic, and suffusion hemorrhages of the myo- 
ecardium and endocardium. In the other 4 
animals, there were only a few petechial 
and occasionally mild, diffuse suffusion-type 
hemorrhages. Microscopically, only hem- 
orrhages were observed. 


A = B190 
100L B = B262 
C= 
90, 
so. 
A 
\ 
\ 


Graph 4—Changes of per- 
centage of degenerating 
leukocytes in 3 cattle dur- 
ing the course of sodium 
metabisulfite and sulfur 
dioxide gas intoxication. 
Curve A is also typical 
for steer B230. 
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Central Nervous System.—In animals 
B145 and B121, which showed clinical cen- 
tral nervous system disturbances, there was 
a moderate congestion of the leptomeninges, 
and apparently an increase in quantity 
of gelatinous, cerebrospinal fluid. In the 
other 3 animals, there was a mild conges- 
tion and edema of the leptomeninges, with 


Fig. 1—Hemorrhages in 
the mucosa of the ventral 
wall of the cranial part 
of the trachea of steer 
B262 following the intro- 
duction of sulfur dioxide 
gas into the rumen 
contents. 


some apparent increase in cerebrospinal 
fiuid. 

Microscopically, only mild to moderate 
inflammatory changes of the leptomeninges 
were observed. 


DISCUSSION 


Severe intoxication in cattle from feed- 
ing silage preserved with these agents 
seems highly improbable because of the re- 
sultant anorexia. Furthermore, the ani- 
mal’s appetite for preserved silage was 
decreased prior to general anorexia. The 
dosage which produced anorexia was within 
the range of 80 to 160 Gm. of metabisulfite 
or sulfur dioxide gas per day. 

Nearly all of the 1,000 to 1,500 tons of 
grass silage produced annually at the uni- 
versity is treated with metabisulfite. Each 
year, for the past five years, approximately 
600 cattle have been fed preserved silage 
with no apparent harmful effects. 

Alderman et al.1 reported that 48 sam- 
ples of well-preserved, metabisulfite-treated 
silage showed an average residual sulfite 
content of 0.295 per cent in the dry matter. 
The mean value was the equivalent of 840 
p.p.m. in the fresh silage, and represented 
only 25 per cent of the sodium metabisul- 
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fite originally added. A well-preserved si- 
lage, made from forage treated with sodium 
metabisulfite at the recommended rate of 8 
Ib. per ton of fresh forage, would contain 
approximately 2 Ib. of residual sulfite per 
ton. An animal eating 100 Ib. of this silage 
per day would consume approximately 45 
Gm. of sulfite per day, or about half as 


much as cow B164 was given each day for 
six months with no adverse effects. Since 
anorexia occurs when a greater concentra- 
tion of the agent is given, it appears that 
an animal can obtain toxic or lethal 
amounts only by forced feeding. 


Sodium metabisulfite and sulfur dioxide 
gas are inhibitors of bacteria and certain 
enzyme systems. It is logical to assume 
that these preservatives would have a de- 
pressing effect on the microorganisms of 
the rumen. However, cow B164 received 
80 Gm. of metabisulfite per day for six 
months and remained apparently normal, 
indicating that this effect may not be sig- 
nificant in the cow. The evidence obtained 
in rumen residual bisulfite determinations 
(graph 3) shows that when as much as 160 
Gm. of metabisulfite per day is given the 
disappearance from the rumen is fairly 
rapid. At a level of 200 Gm. per day there 
was a bisulfite saturation, but the cow did 
not die until 15 days later. 

The consistent and immediate drop in 
blood urea nitrogen in animals B190, B230, 
and B262 suggests that this may be a con- 
stant feature of metabisulfite intoxication. 
Since urea is the most important nitrog- 
enous waste product, a disturbance in the 
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nitrogen balance of the body probably 
oceurs.® 

Blood glucose values were quite vari- 
able and erratic and, consequently, not 
significant. 

The only fairly consistent lesion pro- 
duced was the hemorrhagic trachea. Since 
this lesion occurred in 2 of 3 animals given 
metabisulfite, it was believed to be caused 
by inspired rumen gases (other than meth- 
ane), possibly by sulfur dioxide gas. How- 
ever, sulfur dioxide gas placed in the dorsal 
portion of the rumen of steer B230 resulted 
in only a mild to moderate congestion of 
the trachea. Furthermore, when the gas 
was delivered into the liquid contents of 
the rumen of steer B262, severe tracheal 
lesions were observed. If the tracheal le- 
sions result from sulfur dioxide, they are 
not caused by the gas per se. The ventral 
location of the lesions may indicate that it 
was due to a condensation of inspired 
rumen gas.jnto moisture droplets. 


SUMMARY 


Cattle eating 100 lb. of silage treated 
with sodium metabisulfite at the recom- 
mended rate would consume approximately 
45 Gm. of sulfite per day. One pregnant 
cow was given about twice this amount 
daily for 180 days with no deleterious ef- 
fects. The 600 cattle maintained by the 
university have been fed metabisulfite- 
treated silage for more than five years with 
no deleterious effects. 

When massive doses of sodium metabi- 
sulfite or sulphur dioxide gas were admin- 
istered through rumen fistulas to 5 cattle, 
they died in 16 to 37 days. Anorexia was 
a consistently observed sign of the intoxica- 
tion. The pathological changes varied con- 
siderably in each animal and with the pre- 
servative given. In general, the more severe 
tissue changes were confined to the first 
portion of the digestive tract. The most 


consistent lesions were in the larynx and 
in the mucosa of the ventral wall of the 
trachea. 

There was no significant change in blood 
glucose, but blood urea nitrogen determina- 
tions in 3 animals revealed a definite drop 
in blood levels during the course of the ex- 
periment. Hematological data were highly 
variable. 

A residual bisulfite determination on the 
rumen contents of 1 animal indicated that 
a strong homeostases body function existed 
until the animal apparently became satu- 
rated with the preservative. Saturation 
occurred when the daily dose of metabisul- 
fite reached 200 Gm. However, the animal 
did not die until 15 days later. 
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The Effects of Four Synthetic Corticosteroids on Leukocytes, 
Blood Glucose, and Plasma Sodium and Potassium in the Cow 


DENNIS D. GOETSCH, D.V.M., M.S.; L. E. McDONALD, D.V.M., Ph.D.; 
GEORGE ODELL, M.S. 


Stillwater, Oklahoma 


IN RECENT YEARS, glucocorticoid therapy for 
ketosis in dairy cattle has become widely 
used. Its advantages lie in its ease of ad- 
ministration and prolonged blood glucose- 
elevating properties, when compared with 
many treatments currently employed. The 
synthesis of more potent corticoids will de- 
erease dosage required, thereby lowering 
the cost of treatment. Many investigators 
have cited the various actions of these 
highly potent synthetic corticoids in labora- 
tory animals, but less is known of their 
actions in eattle. 


Review OF LITERATURE 


Using intact rats, Perlman and Tolksdorf™ re- 
ported 1-dehydrocortisone (prednisone, A’ E) and 
1-dehydrohydrocortisone (prednisolone, A’ F) to 
be three to four times more active than cortisone 
(E) or hydrocortisone (F) when compared on the 
basis of eosinopenie response, liver glycogen de- 
position, and thymus involution following intra- 
muscular injection of these compounds. West © 
found A’ E and A’ F to be five times as potent as 
E in their hyperglycemic effects in human subjects, 
whereas their sodium-retaining ability was not in- 
creased above that of the parent compound in 
adrenalectomized rats“ or human beings.’ 

It has also been shown that when hydrocortisone 
bears chlorine or fluorine in the 9-alpha position, 
it not only becomes more potent than hydrocorti- 
sone in carbohydrate and eosinopenic activity,® but 
also becomes more potent that desoxycorticosterone 
in sodium-retaining activity.*“ Stafford et al.,” 
using adrenalectomized rats, compared the gluco- 
corticoid and mineralocorticoid activity of 9-alpha 
fluorohydrocortisone (9a FF) and 1 dehydro 9- 
alpha fluorohydrocortisone (9 a fluoroprednisolone, 
A’9aFF), and reported A’9aFF to be four 
times as potent as 9a FF in the liver glycogen 
deposition test but no more potent than 9a FF in 
the sodium retention test. Lyster et al.,° also using 
adrenalectomized rats, reported 6 methyl 1-dehydro- 
hydrocortisone (methylprednisolone, 6M A’ F) to 
be 3 times as potent as A’ F in increasing liver 
glyeogen deposition, although these compounds 
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were similar in their failure to induce sodium 
retention. 

Because of the profound effects of these 
compounds in laboratory animals, an ex- 
periment was designed to determine the 
effects of two dosages of four steroids on 
blood glucose, leukocytes, and plasma so- 
dium and potassium in the cow. The com- 
pounds selected represent an unsaturated 
steroid (A’F), a halogenated steroid 
(9 a FF), an unsaturated-halogenated ster- 
oid (A’ 9 a FF), and an unsaturated-meth- 
ylated steroid (6M A’ F). 


MATERIALS AND METHODS 


Eight multiparous, nonpregnant, lactating Hol- 
stein-Friesian cows, grazing on Bermuda grass 
pasture and averaging 940 lb. of body weight, were 
randomly assigned to one of the following treat- 
ments: 50 mg. of A’ F; 100 mg. of A’ F; 25 mg. 
of 9a FF; 100 mg. of 9a FF; 25 mg. of A’ 9a FF; 
100 mg. of A’9aFF; 25 mg. of 6MA’F; or 
100 mg. of 6M A’ F. The compounds were in aque- 
ous suspension and were the alcoholic form, except 
for methylprednisolone acetate. All compounds 
were injected intramuscularly (i.m.) in the gluteal 
region. Blood samples were drawn 72, 24, and 0 
hours prior to the injection to obtain normal val- 
ues, and at 24, 48, 96, and 144 hours postinjection 
to determine treatment effects. This procedure was 
replicated six times at two-week intervals. 

Blood glucose, plasma sodium and potassium, 
total leukocytes, and differential leukocytes were 
determined for each blood sample. Blood glucose 
was determined by the method described by Nel- 
son.” Plasma sodium and potassium were deter- 
mined with a flame photometer* using a 1,000 
p.p.m. lithium internal standard. The data were 
subjected to a Student’s ‘‘t’’ test to determine 
differences caused by treatments when compared 
with the 0-hour control samples. 


RESULTS 


The average blood glucose values prior 
to and following the i.m. injection of the 
various compounds are shown (table 1) 
and depicted graphically (graphs 1, 2). 
Fifty and 100 mg. of A’ F produced sig- 
nificant increases in blood glucose values 


* Perkin-Elmer Flame Photometer, manufactured by 
Perkin-Elmer Corp., Norwalk, Conn. 
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Jor 
still maintained highly significant values, 
The methylated corticoid did not alter op 
blood glucose values significantly at either - 
dosage. The maximum blood glucose eleva- ey! 
tion following the administration of the av 
various compounds is shown graphically cel 
(graph 3). evl 
eyt 
the 
e0S 
ous 
Alt 
pee 
wit 
Hours Postinjection wel 
Graph 1—Average blood glucose values prior to pou 
and following the administration of 100 mg. of ber 
A’ F, 9a FF, A’9aFF, and 6M A’ F. itl 
a 
at 24 hours postinjection, when compared dos 
with those obtained at the time of injection. sig 
n 
However, at 48 hours postinjection, these Graph 2—Average blood glucose values prior to ~ 
values had returned to essentially preinjec- and following the administration of 50 mg. of ¢ 
tica levels. At the 25-mg. dosage, 9a FF <A’ F and 25 mg. of 9a FF, A’9aFF,and6MA’F. | wer 
did not produce a significant change in A 
blood glucose whereas, at the 100-mg. level, At both dosages, A’F and A’9aFF leve 
this compound produced highly significant produced significant increases in leukocyte cate 
increases. This elevation was transitory, numbers 24 hours postinjection (table 2). diw 
however, since 48-hour blood samples con- One hundred milligrams of A’ 9a FF was post 
tained nearly normal quantities of glucose. more prolonged in this respect, since 96- wit] 
The most potent compound with respect to hour samples contained significantly more | ayy 
its ubility to elevate blood glucose was leukocytes when compared to preinjection . 
A’¥aFF. Both 25- and 100-mg. dosages blood samples. 
of this material produced highly signifi- To determine whether the increase in 
cant increases 24 and 48 hours postinjec- leukocyte numbers was due to an increase 
tion and, at 96 hours, the higher dosage in all types of white cells or to one or more | Hours 
post- 
injectio 

TABLE 1—Average Blood Glucose (mg./100 cc.) and Plasma Sodium and Potassium (mg./ ~72 

100 cc.) Prior to and Foliowing the Administration of A’ F, 9a FF, A’9aFF, and 6M A’F 
ae Treatment and dosage (mg.) 

injection Fraction A’ F-50 A’ F-100 9aFF-25 9aFF-100  A’9aFF-25 A’9aFF-100 6MA’F-25 6MA’F-100} 
—72 Glucose 48.0 48.0 48.0 49.8 48.6 50.0 47.5 45.2 

Na 312.0 317.0 318.0 316.0 318.0 313.0 321.0 320.0 
K 17.7 17.0 17.3 17.4 17.4 16.4 192 17.2 0 
—24 Glucose 44.5 40.3 43.2 43.2 43.4 42.5 43.7 42.7 
Na 315.0 305.0 310.0 311.0 311.0 311.0 311.0 305.0 
K 14.5 17.0 17.4 18.1 17.6 17.8 16.9 17.4 
0 Glucose 47.5 48.3 47.8 44.8 43.8 47.0 46.5 46.0 24 
Na 314.0 315.0 318.0 314.0 320.0 314.0 310.0 312.0 
K 17.6 18.2 17.8 17.1 16.6 17.8 17.4 17.7 
24 Glucose 61.8* 71.3* 57.3 68.8** 73.7+ 103.2** 52.8 52.5 
Na 316.0 317.0 315.0 320.0 321.0 318.0 312.0 320.0 48 
K 18.2 18.3 17.6 16.5 17.3 17.2 17.5 18.8 
48 Glucose 51.2 50.8 49.3 53.5 54.1¢ 70.3+ 50.4 51.1 
Na 333.0 321.0 319.0 316.0 316.0 320.0 306.0 318.0 
K 18.3 18.9 17.3 16.9 18.2 16.4 18.4 18.3 96 
96 Glucose 47.8 47.3 48.2 50.3 49.1 66.8+ 51.0 50.8 
Na 312.0 309.0 308.0 310.0 318.0 309.0 306.0 302.0 
~ 16.7 17.7 17.7 17.5 17.3 15.8 18.4 17.6 F 
144 Glucose 46.8 46.5 50.2 50.0 46.8 56.0 49.5 46.1 “ 
Na 311.0 314.0 315.0 317.0 316.0 318.0 311.0 312.0 
K 17.7 17.5 16.3 16.0 17.6 16.3 17.7 16.5 
*P=0.05; =0.01:; ** P=0.001. 
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specific cell types, differential counts were 
performed. These values, and total leuko- 
eyte numbers, were used to compute the 
average total number of each type of white 
cell per cubic millimeter of blood. It was 
evident (table 2) that circulating lympho- 
eyte numbers were not altered by any of 
the treatments. The average numbers of 
eosinophils prior to and following the vari- 
ous treatments are also shown (table 2). 
Although all compounds produced what ap- 
peared to be various degrees of eosinopenia, 
with the exception of 6M A’ F, at no time 
were these changes significant. All com- 
pounds caused increases in neutrophil num- 
bers (table 2) at 24 hours postinjection, 
although the changes produced by the lower 
dosage of 9a FF and 6M A’F were not 
significant. The most prolonged effect on 
neutrophil numbers was caused by 100 mg. 
of A’9aFF, since significant increases 
were still evident 96 hours after treatment. 

Average plasma sodium and potassium 
levels before and after treatment are indi- 
eated (table 1). No changes in either so- 
dium or potassium values were evident in 
postinjection blood samples when compared 
with preinjection samples. At no time did 
any of the animals show objective clinical 
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Graph 3—Maximum blood glucose elevation follow- 
ing the administration of four hydrocortisone 
analogues. 


signs, such as anorexia and muscular weak- 
ness, which are usually associated with 
hypokalemia. 


Discussion 


The increased potency of these hydro- 
cortisone analogues over the parent com- 
pound may be due to their resistance to 
metabolic degradation. Collins et al.* found 
the half-life of A’ F to be 1.37 times that 
of F and suggested that, since it was more 
slowly metabolized, this may explain, in 


TABLE 2—Average White Blood Cells (thousands/cmm.) Prior to and Following the 
Administration of Four Synthetic Corticoids at Two Dosages to Dairy Cattle 


og Treatment and dosage (mg.) 
injection Cell A’ F-50 A’ F-100 9aFF-25 9aFF-100 A’9aFF-25 A’9aFF-100 6M A’ F-25 6M A’ F-100 
—72 Leukocyte 9.9 7.8 7.4 7.8 8.4 7.9 8.7 8.3 
Lymphocyte 5.4 4.7 4.2 4.1 4.0 4.5 4.5 5.0 
Neutrophil 3.9 2.3 2.7 2.9 3.2 2.5 2.9 2.5 
Eosinophil 0.42 0.53 0.38 0.47 0.99 0.59 0.91 0.65 
—24 Leukocyte 8.4 8.0 8.2 9.1 9.3 8.7 8.2 9.2 
Lymphocyte 4.1 4.6 4.9 4.6 4.7 4.6 4.5 5.1 
Neutrophil 3.6 2.6 2.9 3.4 3.2 3.0 2.9 3.0 
Eosinophil 0.44 0.71 0.37 0.81 0.92 0.76 0.64 0.83 
0 Leukocyte 8.8 7.9 9.5 8.9 9.6 8.1 8.0 7.8 
Lymphocyte 5.2 4.5 5.5 5.1 5.0 4.7 4.6 4.3 
Neutrophil 2.8 2.6 3.0 3.2 3.5 2.6 2.7 2.5 
Eosinophil 0.62 0.82 0.81 0.52 0.94 0.86 0.55 0.5 
24 Leukocyte ng 10.5 11.2 13.2* 15.4* 9.3 10.1 
Lymphocyte 4.7 4.7 4.9 5.3 5.6 4.2 4.6 4.8 
Neutrophil 6.27 6.17 4.8 5.3* 6.6* 10.9f 4.0 4.4f 
Eosinophil 0.51 0.15 0.49 0.37 0.65 0.14 0.60 0.78 
48 Leukocyte 9.7 9.1 8.2 10.0 10.7 11.8* 8.0 10.0 
Lymphocyte 5.0 4.1 4.6 5.8 5.3 4.5 4.9 4.6 
Neutrophil 3.6 3.5 2.8 3.4 4.5 7.0* 2.2 4.4* 
Eosinophil 0.81 0.68 0.57 0.71 0.82 0.22 0.79 0.93 
96 Leukocyte 8.2 7.0 6.9 8.1 8.8 12.0* 7.6 8.2 
Lymphocyte 4.8 4.2 3.7 4.6 4.6 4.7 4.1 4.2 
Neutrophil 2.8 2.2 2.4 2.9 3.0 4.2* 2.4 3.0 
Eosinophil 0.47 0.45 0.67 0.54 0.99 0.41 0.81 0.87 
144 Leukocyte 7.2 7.5 6.7 7.7 8.8 9.1 7.3 8.0 
Lymphocyte 4.2 4.6 3.9 4.9 4.7 4.8 4.3 4.7 
Neutrophil 2.3 2.2 2.1 2.2 3.0 8.5 2.2 2.3 
Eosinophil 0.65 0.50 0.67 0.75 0.80 0.59 0.66 0.92 


*P.—=0.05; P= 0.01. 
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part, the enhanced potency of this steroid. 
Glenn et al.* reported that for analogues 
active as glucocorticoids, a fairly close cor- 
relation existed between increased biologi- 
cal activity and increased resistance to 
enzymatic attack in the liver. 

The blood glucose response following the 
administration of the four synthetic com- 
pounds indicates that A’9aFF is the 
most potent and the most prolonged in 
this respect. Similar responses in blood 
glucose values were manifested by the ad- 
ministration of 100 mg. of A’ F and 9a FF, 
and by 25 mg. of A’9aFF, indicating 
that A’ F and 9a FF are about equal in 
their glyconeogenic properties, whereas 
A’ 9aFF is four times as potent as either 
of these. 

Link et al.? found an average increase in 
blood glucose of 30 mg./100 ml. over a 24- 
hour period when 100 mg. of prednisolone 
was administered to ketotic dairy cattle. 
This increase is slightly greater than that 
found in the normal animal. The blood 
glucose-elevating properties of 9a FF has 
been reported to be 15 to 20 times as great 
as hydrocortisone in the cow.!? 

The eosinopenic response to the ad- 
ministration of adrenal hormones and to 
stressors is well known. The decrease in 
circulating eosinophils following ACTH ad- 
ministration has been suggested as a possi- 
ble method for evaluating adrenal cortical 
function in the cow® and dog.® In the 
cow, the mild eosinopenia but marked neu- 
trocytosis reported herein following the 
administration of hydrocortisone analogues 
indicates that the neutrophilic response may 
be a more reliable indicator of adrenal func- 
tion than decreased eosinophil numbers, al- 
though the compounds used in this study 
are not natural corticosteroids. 

Some confusion exists on the effects and 
role of mineralocorticoids in cattle. Carl- 
strom? reported an increase in plasma 
potassium values following the administra- 
tion of adrenal cortical extract or desoxy- 
corticosterone to ketotic cows, whereas 
Shaw '* found that the administration of 
190 mg. of 9a FF to ketotic cows depressed 
plasma potassium values as much as 50 per 
cent in 24 hours. The effects of adrenal 
cortical hormones on plasma potassium 
levels in normal cattle have been reported 
to be irregular.” In the present study, the 
failure to detect any changes in plasma 
sodium or potassium following the admin- 


istration of synthetic corticoids does little 
to clarify the role of mineralocorticoids 
in cattle, and further study is needed. 


SUMMARY 


Prednisolone, 9a fluorohydrocortisone, 
and 9a fluoroprednisolone are powerful in 
their ability to induce an elevation of blood 
glucose in the normal lactating cow. Of 
these, 9 a fluoroprednisolone was approxi- 
mately 4 times as potent in its glucogenie 
effects, when compared with prednisolone 
and 9afluorohydrocortisone. All com- 
pounds tested produced various degrees of 
leukocytosis and neutrocytosis. The great- 
est and most prolonged effects on the white 
cell picture were produced by 9 a fluoro- 
prednisolone. No changes in plasma sodium 
or plasma potassium were detected follow- 
ing the administration of the synthetic 
corticoids tested. 
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Two Projections into the Cranial Cavity Associated 
with Achondroplastic Dwarfism in Cattle 


WALTER S. TYLER, D.V.M., Ph.D.; LOGAN M. JULIAN, D.V.M., Ph.D.; 
LARRY S. McFARLAND, D.V.M.; HOWARD E. EVANS, Ph.D.; 
PAUL W. GREGORY, Sc.D. 


Dawis, California 


THIs IS A REPORT of two projections into 
the cranial cavities of cattle and of the 
relationship of these projections to achon- 
droplastic bovine dwarfism. This type of 
dwarfism was first described by Johnson 
et al.” A more complete description was 
presented by Gregory et al.,6 who called 
attention to changes observed in the shape 
of the skull. Buchanan ef al.’ reported two 
types of modifications of the occipital con- 
dyles in dwarf cattle, both characterized 
by ‘‘crowding.’’ Premature fusion of the 
spheno-occipital synchondrosis in dwarf 
cattle was reported by Julian et al.,' who 
discussed the possibility that altered 
growth of this region could be responsible 
for the changes observed in the skulls of 
dwarfs, and established achondroplasia as 
the dwarfing process. The diagnosis of 
the dwarfing process was later confirmed 
by Tyler et 


MATERIALS AND METHODS 


The heads of 144 cattle necropsied for the study 
of bovine dwarfism were observed. All major beef 
breeds of cattle and crosses between these breeds 
were represented. The cattle were 1 day to 20 
months old and included males, females, and a 
few steers. The animals were divided into groups 
according to presence or absence of achondro- 
plasia. Criteria used included the values of three 
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metacarpal indexes and the presence of fusion of 
Animals 
in group 1 did not manifest any of the four 3 
objective characteristics which were used to diag-7 
Many were descended from © 


the spheno-occipital 


nose achondroplasia. 
aneestors that carried dwarfism, and some were 
proven dwarf carriers. Many of these 
were subnormal in body weight and 


new objective criteria are developed. 


These animals were a heterogeneous group. In 
this report, group 1 is referred to as the ‘‘nona-7 
were 
achondroplastie by all four of the criteria. Animals 


chondroplastic’’ group. Animals in group 2 


in groups 3 and 4 showed localized achondroplasia 


and partial achondroplasia, respectively (achondro- — 


plastic by one or more criteria, but nonachon- 
droplastic by the other criteria). In this study, 


groups 3 and 4 were combined to simplify the ™ 
When combined, these | 
two groups constituted only 27 animals, or 19 per) 


presentation of the data. 


cent of the total examined. Of the 144 animals, 


51 per cent (73 animals) were classified as group’ 


1. Group 2 contained 30 per cent (44 animals) of 
the animals. 

The heads were sectioned sagittally, the brains 
were removed, and the presence and severity of the 
projections were observed. Projections were 
graded as slight, moderate, or severe. Criteria 
used in this classification included both the total 
length and the relative mass of the projection. 
Endoeranial casts, representing both normal and 
pathological types, were made with white latex 
diluted 25 per cent with tap water. 

More than 100 heads were observed at a local 
abattoir to determine the incidence of projections 
in the slaughter population. The observations 
were made on several days, and the animals in- 
eluded steers, heifers, and veal calves. All of these 
animals were presumed to be nonachondroplastie. 


RESULTS 


The position of the two projections (fig. 
1) and a normal sagittally sectioned skull 
(fig. 2) are shown. In affected cattle, the 
wing of the orbitosphenoid (wos), ala 
minor, projects medially and dorsally into 
the cranial cavity. This projection may ex- 
tend into the rhinal fissure of the brain, or 
it may press on the insular area of the 
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ACHONDROPLASTIC DWARFISM IN CATTLE 


2 1—Sagittally sectioned bovine skull and endo- 

cranial cast showing severe projections of the wing 

of the orbitosphenoid (WOS) and the posterior 
intraoccipital synchondrosis (PIOS). 


Fig. 2—A normal sagittally sectioned skull —» 
and endocranial cast (right). 


cerebral cortex. The wos projection in- 
eludes both the cartilaginous extremity 
and a portion of the osseous ala. This lesion 
appears less severe in older animals. The 
posterior intraoccipital synchondrosis 
(PIos), the synchondrosis between the ex- 
occipital and the supraoccipital, projects 
medially and anteriorly into the posterior 
portion of the cranial cavity (fig. 1). This 
projection presses into the cerebellar hemi- 
sphere. The cerebellar cortex may be dis- 
placed, exposing the corpus medullare. The 
internal surface of the cranium of all in- 
volved animals presented sharp, bony 
ridges which entered the sulci. Either 
projection occurred individually (fig. 3, 


4), or both projections occurred in the 
same skull (fig. 1). 

The occurrence, incidence, and severity 
of the projections are presented (table 1). 
The incidence of wos projections in the 
nonachondroplastic group 1 was 37 per 
cent. In group 2, wos projections were 
observed in 77 per cent of the animals. In 
combined groups 3 and 4, the incidence 
was 48 per cent. In group 2, Pios projec- 
tions were observed in 100 per cent of the 
animals, but in group 1 the incidence was 
only 23 per cent. Combined groups 3 and 
4 had an incidence of 52 per cent. 

The incidence of only the moderate and 
severe WOS projections was 8 per cent in 
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group 1, 34 per cent in group 2, and 15 per 
cent in combined groups 3 and 4. Moderate 
or severe PIOS projections were not ob- 
served in group 1 but were present in 80 
per cent of the animals in group 2 and in 
19 per cent of the animals in combined 
groups 3 and 4. Thus, both the incidence 
and the severity of these projections were 
greatest in the achondroplastic cattle in 
group 2, intermediate in the locally and 
partially achondroplastic animals of 
groups 3 and 4, and lowest in the non- 
achondroplastic cattle in group 1. 
Included in this report were 3 Hereford 
calves which had extreme hydrocephalus. 
Using the criteria described previously, 
these animals were classified as nonachon- 


Fig. 3 (left)—Sagittally sectioned bovine skull an 

endocranial cast showing severe projection of on 

posterior intraoccipital synchondrosis (PIOS). 

Fig. 4 (above)—Sagittally sectioned skull and e 

docranial cast showing severe projection of on 
the wing of the orbitosphenoid (WOS). 


droplastic. None of the 3 calves had pro- 


jections in either area. This observation 
was especially interesting, as mild hydro- 
cephalus has been observed in the brachy- 
cephalic dwarf.5 Additional animals must 
be examined before the relationship of 
these projections to the extreme hydro- 
cephalic condition can be established. 

No projections were found in the ap- 
parently normal cattle observed at a local 
abattoir. 

DISCUSSION 

The observations indicate a correlation 
between the projections and achondro- 
plastic dwarfism. This correlation permits 
an explanation of the development of the 
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lesions. Julian et al.14 and Tyler et 
established hypoplastic achondroplasia as 
the process responsible for the brachyceph- 
alic or ‘‘short-headed’’ Hereford dwarf. 
Gregory and Carroll* demonstrated that 
the same gene is responsible for this type 
of dwarfism in the major beef breeds of 
cattle. It appears logical to assume that 
the dwarfing process is identical in pheno- 
typically similar dwarfs in any of these 
breeds. 


Observations on bovine embryos, pre- 
pared according to the method described 
by Evans,* have demonstrated that the 
orbitosphenoid develops medially to the 
orbital portion of the frontal bone. These 
observations were confirmed by gross in- 
spection of the skulls of normal young 
calves. The sphenofrontal suture is charac- 
terized by an overlap rather than an appo- 
sitional union of the free edges of the grow- 
ing bones. In animals with wos projections, 


TABLE i—Occurrence, Incidence, and Severity of Projections in Dwarf Cattle 


Normal Slight Moderate Severe 
Group No. (%) No. (%) No. (%) No. (%) 

WING OF THE ORBITOSPHENOID PROJECTIONS 
Group 1 

(Nonachondroplastic) 46 63.0 21 28.8 5 6.8 1 14 
Group 2 

(Achondroplastic) 10 22.7 19 43.2 7 15.9 8 18.2 
Groups 3 and 4 

(Local and partial 

achondroplastic) 14 51.8 9 33.8 2 7.4 2 7.4 
POSTERIOR INTRAOCCIPITAL SYNCHONDROSIS PROJECTIONS 
Group 1 

(Nonachondroplastic) 56 76.7 17 23.3 0 0.0 0 0.0 
Group 2 

(Achondroplastic) 0 0.0 9 20.4 24 54.5 11 25.0 
Groups 3 and 4 

(Local and partial 

achondroplastic) 13 48.1 9 33.3 3 11.1 2 7.4 


Achondroplasia only influences the inter- 
stitial growth of cartilage.’ Therefore, 
this disease primarily influences bones 
formed by endochondral ossification but 
only secondarily influences bones resulting 
from intramembranous ossification. Crew * 
observed a reduction in length of the endo- 
chondral bones which form the base of the 
skull in the type of achondroplastic bovine 
dwarf which he described. In achondro- 
plastic dwarfs of other species, Benda? 
and Stein et al.1* reported that the endo- 
chondral bones of the cranium of achon- 
droplastic dwarfs were subnormal in size. 
Sawin and Crary ' used quantitative ana- 
tomic techniques to demonstrate the local- 
ized reduction in length and width of the 
endochondral skull bones of the achondro- 
plastic rabbit. They reported that the 
Dachs gene appears to cause a relatively 
greater reduction in the width than in the 
length of these bones. Preliminary results 
of a similar study of the bovine dwarf also 
indicate that these bones are reduced in 
size. The ‘‘pinched’’ condyles described by 
Buchanan et al.? may also be considered 
evidence of a reduction of the width of the 
occipital bone. 


this suture is apparently imperfectly 
formed because of the arrested develop- 
ment of the sphenoid and the relatively 
normal growth of the frontal bones. The 
suture appears to be less extensive in these 
animals and only involves the base of the 
orbitosphenoid, allowing the major portion 
of the ala to project into the cranial cavity. 
The concept that the dwarfing process 
directly influences endochondral. bone but 
only secondarily influences intramembra- 
nous bone also provides the basis for an 
explanation of the projections of the 
posterior intraoccipital synchondrosis. Dif- 
ferential growth of bones formed by these 
two types of ossification produces abnormal 
stresses on the connections between the 
cranial base and vault, resulting in the 
invagination of this synchondrosis and the 
adjoining portions of the occipital bone. 
The relationship of these projections to 
the muscular incoordination frequently ob- 
served in dwarf cattle is not clear. All of 
the achondroplastic cattle in group 2 had 
PIOS projections which could possibly be 
responsible for some of the observed mus- 
cular incoordination. Severe nervous signs 
were observed in a number of the 144 ani- 
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mals examined. One of these animals was 
depressed and later showed nystagmus and 
opisthotonos. A few days later, this animal 
died of an acute septicemia. It was found 
to have a severe projection of the wos and 
a normal pros (fig. 3). Other animals with 
nervous signs showed exaggerated cord 
reflexes and an incoordination which be- 
came less pronounced with increasing age. 
Some calves were unable to stand. Many of 
these animals had moderate or severe pro- 
jections in one or both areas. The neurop- 
athy resulting from these projections is 
being studied, as is the neuropathy due to 
the hydrocephalus associated with bovine 
dwarfism and to the extreme hydrocephalic 
condition. 

The value of these projections as aids to 
the diagnosis of achondroplastic dwarfism 
is not entirely clear. The evidence strongly 
indicates a correlation between these pro- 
jections and this type of dwarfism. The 
confusion arises from the presence of pro- 
jections in the nonachondroplastic cattle 
in group 1. It should be recalled that most 
cattle of this group were descended from 
dwarf carrier stock, subnormal in size, 
and some were proven dwarf carriers. 
Thus, part of this confusion is due to the 
lack of an adequate control or normal 
population. Objective standards must be 
developed to define the normal animals and 
each specific type of mutant. The absence 
of these projections in apparently normal 
slaughter cattle indicates that they may 
represent a more adequate control popu- 
lation than the nonachondroplastic cattle 
in group 1. These observations also sup- 
port the concept that bovine dwarfism is a 
complex }? and are in agreement with ge- 
netic data which also indicate a complex.* ® 

The Pros projection may have some diag- 
nostic value in animals too young to ex- 
hibit fusion of the spheno-occipital syn- 
chondrosis '! and whose metacarpal indixes 
are not diagnostic.16 The wos character- 
istic may prove to be of value in the differ- 
ential diagnosis of different components of 
the dwarf complex. 


SUMMARY 


Two projections into the cranial cavity 
of cattle were reported. The occurrence 
and the degree of severity of these projec- 
tions were observed in 144 animals necrop- 
sied for the study of bovine dwarfism. The 


incidence and severity of projections in the 
achondroplastic animals of group 2 was 
greater than that of the nonachondroplastie 
control animals, indicating a correlation 
between these projections and dwarfism. 

No projections were observed in a sample 
of over 100 animals slaughtered at a local 
abattoir. An explanation of the develop- 
ment of these projections which involves 
arrested development and differential 
growth rates due to achondroplasia was 
proposed. The presence of nervous signs 
in some animals with these projections was 
noticed. The possible value of these pro- 
jections as aids to the diagnosis of achon- 
droplastic dwarfism and the differentia- 
tion of members of the dwarf complex was 
discussed. 
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Treatment of Experimental Bovine Coccidiosis with Multiple 
Small Doses and Single Large Doses of Sulfamethazine 
and Sulfabromomethazine 


DATUS M. HAMMOND, Ph.D.; GLEN W. CLARK, M.S.; 
MERTHYR L. MINER, D.V.M.; W. ARLO TROST, M.S.; 
A. EARL JOHNSON, M.S. 


Logan, Utah 


Coccipiosis iN CATTLE may be successfully 
controlled with sulfaguanidine,! sulfameth- 
azine,*»*® sulfamerazine® and, somewhat 
less successfully, with sulfaquinoxaline.* ° 
Timing of treatment with respect to stage 
of the disease is of critical importance. It 
has been shown that when calves experi- 
mentally infected with Eimeria bovis were 
given sulfonamides 13, 14, 15, and 16 days 
after inoculation, little or no injury oc- 
curred; treatment at other stages of the 
disease was much less effective.5 Prelimi- 
nary experiments indicated that treatment 
might be simplified either by reducing 
dosage to a single administration or by a 
form of continuous low-level treatment. 


This experiment was conducted to de- 
termine the value of these methods of treat- 
ment with sulfabromomethazine, a drug 
reported to persist at fairly high levels in 
the blood stream for relatively long 
periods,® and with sulfamethazine. 


MATERIALS AND METHODS 


After completion of three preliminary experi- 
ments, five experiments involving 49 calves were 
earried out from August, 1957, to May, 1958. All 
ealves were Holstein-Friesian males, obtained 
when 1 to 4 days old and housed in individual 
outdoor pens, similar to those described by Davis.” 
Each calf was fed approximately 8 lb. of whole 
milk per day for the first four or five weeks and, 
thereafter, about 10 lb. of nonfat milk reconsti- 
tuted from powder. Alfalfa hay and a grain mix- 
ture were provided as a supplement to the milk 
after the second week. Vitamin A was given daily. 


Daily collections of fecal samples were begun 
when the calves were 2 to 3 weeks old. A slightly 
modified McMaster technique® was used in esti- 
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Agriculture. 
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mating the number of oocysts per unit volume of 
feces. The calves were weighed at weekly intervals, 
In each experiment, the calves were allotted ran- 
domly to three or four groups, usually with 4 
calves in each group. When 1 to 3 weeks old, the 
calves were inoculated with sporulated oocysts, 
chiefly E. bovis, by means of a nippled flask. In 
each experiment, each group of calves was treated 
differently with sulfabromomethazine or sulfa- 
methazine administered in gelatin capsules, except 
for one group which served as a control. Each 
experiment was continued for about 30 days. 


EXPERIMENTAL PROCEDURES AND RESULTS 


Preliminary Experiments.—In one pre- 
liminary experiment with 16 calves, each 
ealf was inoculated with about 650,000 
oocysts of E. bovis and sulfabromometha- 
zine was administered once 13 days after 
inoculation or twice 13 and 15 days after 
inoculation, at the rate of 1.5 gr. per pound 
of body weight. Control of coccidiosis was 
as good as in treatment at the same rate 
with a mixture of equal parts of powdered 
sulfamerazine and sulfamethazine* given 
13, 14, 15, and 16 days after inoculation. 

In two other preliminary experiments, 
the results were not clearly defined. In the 
first of these two experiments, the calves 
were given either a single dose of sulfa- 
bromomethazine or of sulfamethazine (1.5 
gr./lb.) or they were treated with 13 small 
doses of sulfabromomethazine (0.15 gr./Ib.) 
on alternate days. Although natural infec- 
tions were more prevalent than usual, even 
the untreated calves did not develop clini- 
eal coccidiosis. In the second experiment, 
with similar treatments, the same calves 
were used with the addition of new control 
calves, and resistance to reinfection was 
evident. Therefore, this experiment was 
repeated. 

Experiment 1—The 4 calves in each 


* Merameth, a mixture produced by Merck Sharp and 
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of four groups were each inoculated with 
approximately 500,000 oocysts. Those in 
one group were each treated with sulfa- 
bromomethazine (0.15 gr./lb.) in each of 
13 treatments on alternate days over a 25- 
day period, beginning three days prior to 
inoculation. Those in a second group were 
given sulfabromomethazine (1.5 gr./Ib.) 
13 days after inoculation. Those in a third 
group were given sulfamethazine at the 
same dosage rate and time as the second 
group. Calves in the fourth (control) 
group were not treated. 

Three of the 4 control calves developed 
severe coccidiosis, resulting in one death 
27 days after inoculation (table 1). In 
contrast, none of the treated calves showed 
signs of coccidiosis other than diarrhea 
of brief duration, and none discharged 
more than a relatively few oocysts. There 
was no significant difference between any 


animals of the treated groups, either in 
numbers of oocysts discharged or in signs 
of coccidiosis. 

Experiment 2.—The 4 calves in each of 
four groups were each inoculated with 
approximately 1 million oocysts. The 
calves in one group were given sulfabromo- 
methazine (0.15 gr./lb.) in each of eight 
treatments on alternate days from ten to 
24 days after inoculation. Those in a sec- 
ond group were given sulfabromometha- 
zine (1.5 gr./lb.) 14 days after inoculation, 
and those in a third group were similarly 
treated with sulfamethazine. The 4 con- 
trol calves were given no treatment. 

Three of the 4 control calves developed 
severe coccidiosis, but none died during 
the experiment (table 2). The calves given 
the low-level treatment with sulfabromo- 
methazine and those treated with a single 
large dose of sulfamethazine exhibited only 


TABLE i—Results of Treatment with 13 Small Doses of Sulfabromomethazine and with Single 
Large Doses of This Drug and of Sulfamethazine in Calves Inoculated with Approximately 


500,000 Eimeria Bovis Oocysts (Experiment 1) 


Oocyst discharge* 


Clinical signs 


Weight 


Group and Calf Peak-days Duration Diarrhea Bloody feces gained 
treatment No. after inoc. (days) (days) (days) (30 days) 
1 298 16-20 7 5 0 30 
Low-level 299 104-22 9 3 0 20 
treatmentt 300 9-17 3 0 0 26 
276 5-18 15 3 0 27 
Mean 83.5-19.25 8.5 2.75 0 27.75 
2 176 8-26 12 0 0 16 
Single dose 177 27-28 5 0 i) 19 
sulfabromo- 178 10-17 1 1 0 14 
methazine ** 364 10-17 16 0 0 15 
Mean 13.75-22.0 8.5 0.25 0 16.0 
3 179 10-25 13 1 0 32 
Single dose 353 0-0 0 0 0 tee 
sulfamethazine ** 296 49-27 14 1 0 27 
297 1-26 3 0 0 16 
Mean 15.0-19.5 7.5 0.5 0 18.75 
351 1,325-17 16 13 10 —8 
No treatment 352 980-24 11 8 x Pe. 
354 348-20 16 11 4 5 
355 21-21 10 0 0 31 
Mean 668.5-—20.5 13.25 8.0 9.5 9.33 
ANALYSIS OF VARIANCE 
Mean squares 
Degrees Peak Duration Bloody 
of oocyst of oocyst Diarrhea feces 
Source freedom count discharge (days) (days) 
Treatment 3 419,906.30 26.73 51.75) 30.25§ 
4vs.1,2,3 1,258,740.18§ 77.52 140.08§ 90.75§ 
1 vs. 2 1 780.13 0.0 12.50 0 
1 vs, 2,3 | 975.37 0.67 15.04 0 
2 vs. 3 1 12.13 2.00 0.13 0 
Error term 12 88,210.71 82.65 9.375 5.75 


* Peak = No. of oocysts per 1/360 cc. (0.003 cc.) of fecal sample; duration = days with discharge 


of 360 or more oocysts per cubic centimeter of fecal sample. 
weight per treatment on alternate days from three days before inoculation until 21 days after. 
ment consisted of 1.5 gr./Ib. of body weight given 13 days after inoculation. 
inoculation, cause unknown. ft Died of coccidiosis 25 days after inoculation. 


§ Significant at the 0.05 level. 


+ Treatment consisted of 0.15 gr/lb. of body 
** Treat- 
*** Died 27 days after 
|| Significant at the 0.01 level. 
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mild or no signs of coccidiosis, and the 
level of oocyst discharge was relatively 
low. The calves treated with a single dose 
of sulfabromomethazine developed coccidi- 
osis that was about as severe as that de- 
veloped by control animals, but for a 
shorter period, and fewer oocysts were 
discharged. However, one of these calves 
died 21 days after inoculation, apparently 
of coccidiosis. 

Experiment 3.—The 4 calves in each 
of three groups were inoculated with ap- 
proximately 1 million oocysts. Those in 
the first group were given sulfabromo- 
methazine (0.15 gr./lb.) in each of five 
treatments on alternate days from ten to 
18 days after inoculation. Those in a 
second group were similarly treated with 
sulfamethazine. Calves in the control group 
were not treated. One calf in the first 
group and 1 control calf died before the 
period at which the signs of coccidiosis 
were expected to appear (table 3). 


All of the 3 surviving control calves de- 
veloped severe coccidiosis ; one of these died 
on the twentieth day and another on the 
twenty-fifth day after inoculation, appar- 
ently as a result of the infection. The 
treated calves showed no signs or only 
mild signs of coccidiosis, except for 1 of 
the 3 surviving calves which had been 
treated with sulfabromomethazine. This 
ealf had bloody diarrhea for two days; the 
level of oocyst discharge was low and the 
gain in weight relatively good. None of 
the treated calves discharged large num- 
bers of oocysts. 

Experiment 4.—In this experiment, the 
calves which survived experiment 3 were 
given a challenge inoculation to evaluate 
their resistance to reinfection. Included 
in the experiment were 3 calves which had 
been given five low-level treatments with 
sulfabromomethazine on alternate days 
from 10 to 18 days after inoculation, 4 
calves which had been similarly treated 


TABLE 2—Results of Treatment with Eight Small Doses of Sulfabromomethazine and with 
a Single Large Dose of this Drug and of Sulfamethazine in Calves Inoculated with Approxi- 
mately 1,000,000 Eimeria Bovis Oocysts (Experiment 2) 


Oocyst discharge* 


Clinical signs 


Weight 
Group and Calf Peak-days Duration Diarrhea Bloody feces gained 
treatment No. after inoc. (days) (days) (days) (30 days) 
1 376 25-19 3 2 0 25 
Low-level 377 19-19 6 5 0 23 
treatment 393 6-19 1 0 0 24 
379 5-19 2 1 0 20 
Mean 13.75-19.0 3.0 2.0 0 23.0 
2 380 180-24 13 1 0 20 
Single dose 381 154-19 12 14 9 —17 
sulfabromo- 382 162-18 6 5 4 wee 
methazine ** 383 12-20 8 8 2 5 
Mean 127.25-20.25 9.75 7.0 3.75 2.66 
3 384 64-19 6 5 0 23 
Single dose 385 56-19 3 1 0 22 
sulfamethazine ** 386 44-19 7 0 0 18 
3389 86-19 5 0 0 11 
Mean 62.5-19.0 5.25 1.5 0 18.5 
4 387 206-22 13 10 3 8 
Control 390 210-22 14 11 5 
391 1,188-23 16 13 13 4 
392 702-22 9 11 6 5 
Mean 576.5-—22.75 13.0 11.25 5.5 5.5 
ANALYSIS OF VARIANCE 
Mean squares 
Degrees Peak Duration Bloody 
of oocyst of oocyst Diarrhea feces 
Source freedom count discharge (days) (days) 
Treatment 3 267,432.06t 80.50§ 84.73§ 38.98 
4vs.1,2,3 1 776,479.69§ 147.008 180.19§ 54.19 
1 vs. 2 1 25,651.13 91.13 50.00f 24.07 
2 vs. 3 1 8,320.50 40.50f 59.25f 24.07 
Error term 12 56,707.73 6.79 10.40 9.38 
* Peak = No. of oocysts per 1/360 cc. (0.003 cc.) of fecal sample; duration = days with discharge 


of 360 or more oocysts per cubic centimeter of fecal sample. 


+ Treatment consisted of 0.15 gr. of sulfa- 


bromomethazine per pound of body weight per treatment on alternate days from ten to 24 days after 


inoculation. 
*** Died of coccidiosis 21 days after inoculation. 
0.01 level. 


** Treatment consisted of 1.5 gr. per pound of body weight given 14 days after inoculation. 


t Significant at the 0.05 level. § Significant at the 
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TABLE 3—Results of Treatment with Five Small Doses of Sulfabromomethazine and of 
Sulfamethazine in Calves Inoculated with Approximately 1,000,000 Eimeria Bovis Oocysts 
(Experiment 3) 


Oocyst discharge* 


XUM 


Clinical signs 


Weight 
Group and Calf Peak-days Duration Diarrhea Bloody feces gained 
treatment No. after inoc. (days) (days) (days) (30 days) 
1 400 20-20 9 0 0 82 
methazine+ 416 10-19 3 6 2 25 
395 132-21 3 0 0 33 
Mean 54.0-20.0 5.0 2.0 0.66 30.0 
2 397 1-19 4 1 0 23 
Sulfamethazine+ 419 5-19 1 3 0 31 
420 84-20 5 0 0 41 
421 85-20 5 2 0 87 
Mean 58.33-19.5 3.75 1.5 0.0 33.0 
2 422 2,800-—21 9 9 6 
Control 513 3,000-20 6 4 2 t 
425 1,200-—21 13 13 4 1 
Mean 2,333.0—-20.66 9.33 8.66 4.0 1.0 
ANALYSIS OF VARIANCE 
Mean squares 
Degrees Peak Duration Bloody 
of oocyst of oocyst Diarrhea feces 
Source freedom count discharge (days) (days) 
Treatment 2 5,483,287.18§ 28.09 52.47 14.65§ 
3 vs. 1, 2 1 10,966,400.27§ 53.509 101.50§ 28.97§ 
1 vs. 2 1 180.11 2.68 3.43 0.76 
Error term 7 280,356.25 8.49 9.53 1.52 


* Peak = No. of oocysts per 1/360 cc. (0.003 cc.) of fecal sample; duration = days with discharge 


of 360 or more oocysts per cubic centimeter of fecal sample. 
per pound of body weight per treatment on alternate days from ten to 18 days after inoculation. 
16 days after inoculation, cause unknown. 
coccidiosis 20 days after inoculation. 
{| Significant at the 0.05 level. 


the 0.01 level. 


*** Died 
Died ten days 


+ Treatment consisted of 0.15 gr. of drug 
** Died 
of coccidiosis days after inoculation. t Died of 
after inocualtion, cause unknown. § Significant at 
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TABLE 4—Results of an Inoculation with 3,000,000 Eimeria Bovis Oocysts of Calves Previously 


Oocyst discharge* 


Inoculated and Treated with Five Small Doses of Sulfonamides (Experiment 4) 


Clinical signs 


Group and Calf Peak-days Duration Diarrhea Bloody feces gained 
treatment No. after inoc. (days) (days) (days) (30 days) 
1. Previously 400 2-25 3 1 0 47 
treated with 416 4-22 5 0 0 41 
sulfabromomethazine? 395 6-29 8 0 43 
Mean 4.0-25.3 5.3 3.0 0.0 43.6 
2 397 0-0 0 2 0 48 
Previously 419 12-20 11 3 0 42 
treated with 420 6-25 1 0 0 57 
sulfametbazine* 421 1-21 2 0 0 57 
Mean 4.75-22.0 3.5 1.25 0.0 91.0 
3. Previously 32 1,446-21 6 5 3 "4 
uninoculated 33 438-18 2 2 2 eee 
(control) 35 1,200-—20 5 4 t 
Mean 1,028—19.6 5.0 4.0 
ANALYSIS OF VARIANCE 
Mean squares 
Degrees Peak Duration Bloody 
of oocyst of oocyst Diarrhea feces 
Source freedom count discharge (days) (days) 
Treatment 2 1,100,083.88§ 3.42 6.83 9.45 
1 vs. 2 H 0.97 5.76 5.25 0.0 
3 vs. 1, 2 1 2,200,166.78§ 16.07 3.50 0.0 
Error 7 78,929.54 14.81 7.25 0.29 


* Peak = No. of oocysts per 1/360 ec. (0.003 cc.) of fecal sample; duration = days with discharge 


of 360 or more oocysts per cubic centimeter of fecal sample. 
0.15 gr. per pound of body weight from 12 to 18 days after the previous inoculation. 
*** Died of coccidiosis 18 days after inoculation. 
§ Significant at the 0.01 level. 


osis 21 days after inoculation. 
days after inoculation. 


+ Treated on alternate days at the rate of 
** Died of coccidi- 
t Died of coccidiosis 22 
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with sulfamethazine, and 3 previously un- 
inoculated control calves. Each of the 
ealves was given approximately 3 million 
oocysts 36 days after the previous inocu- 
lation. At the time of this inoculation, the 
3 control calves were about 3 weeks old, 
whereas the other calves were about 7 
weeks old. 

All of the cortrol calves developed se- 
vere coccidiosis, resulting in their deaths, 
18, 21, and 22 days after inoculation (table 
4). None of the previously inoculated and 
treated calves developed any more than 
mild signs of coccidiosis, and none dis- 
charged more than relatively small num- 
bers of oocysts. The results clearly indi- 
cate that the treatment had not appreciably 
interfered with the development of 
immunity. 

Experiment 5.-—The 6 calves used in two 
groups in this experiment were each inocu- 
lated with approximately 1 million oocysts. 
The 3 calves in one group were each given 
sulfamethazine (0.15 gr./lb.) 12 and 14 
days after the inoculation. The other 3 
calves were not treated. 

One of the control calves died before the 
period when signs of coccidiosis might be 
expected. Both of the surviving controls 
developed severe coccidiosis and 1 of these 
died 22 days after inoculation, apparently 
as a result of the infection. None of the 
treated calves showed any signs of coccidi- 
osis and none discharged more than a few 
oocysts. 


DISCUSSION 


The results of this study show that ex- 
perimental coccidiosis caused by EF. bovis 
ean be controlled with lower dosage levels 
and fewer administrations of sulfonamides 
than had been previously demonstrated. 
In experiments 1 and 2, coccidiosis was 
successfully treated with a single adminis- 
tration of sulfamethazine at 1.5 gr. per 
pound of body weight 13 or 14 days after 
inoculation and, in experiment 1, with a 
similar single dose of sulfabromomethazine 
13 days after inoculation. 

It is difficult to explain the failure of 
treatment with a single administration of 
sulfabromomethazine 14 days after inocu- 
lation in experiment 2. Both the solubility 
of sulfabromomethazine and the blood level 
12 hours after oral administration were 
lower than with sulfamethazine.* Either or 
both of these characteristics may be re- 
sponsible for the difference in results ob- 
tained with the two drugs when adminis- 
tered 14 days after inoculation. 

Coecidiosis was also controlled, in experi- 
ments 2 and 3, by administration of either 
of these drugs on alternate days at the rate 
of 0.15 gr. per pound of body weight per 
treatment from 10 to 18 or 24 days after 
inoculation. In experiment 5, involving 
fewer calves than in the other experiments, 
treatment with sulfamethazine at the rate 
of 0.15 gr. per pound of body weight 12 
and 14 days after inoculation apparently 
resulted in suppression of coccidiosis. These 


TABLE 5—Results of Treatment with Two Small Doses of Sulfamethazine 12 and 14 Days 
After Inoculation with 1,000,000 Eimeria Bovis Oocysts (Experiment 5) 


Clinical signs 


; * 
Oocyst discharge Weight 
Group and Calf Peak-days Duration Diarrhea Bloody feces gained 
treatment No. after inoc. (days) (days) (days) (30 days) 
1 39 12-19 2 0 0 20 
Treatedt 129 16-23 7 0 0 23 
142 9-19 2 0 0 23 
Mean 12.3-—20.3 3.66 0.0 0.0 22.0 
2 38 150-19 6 9 2 29 
Untreated (control) 146 1,062-—20 7 6 5 — 
Mean 606.0-19.5 6.5 7.5 
ANALYSIS OF VARIANCE 
er: Mean squares 
Degrees Peak Duration Bloody 
of oocyst of oocyst Diarrhea feces 
Source freedom count discharge (days) (days) 
Treatment 1 422,982.13 9.63 67.5¢ 14.7 
Error 3 138,632.22 5.72 1.5 1.5 


* Peak = No. of oocysts per 1/360 co. (0.003 cc.) of fecal sample; duration =days with discharge 


of 360 or more oocysts per cubic centimeter of fecal sample. 


+ Treated with sulfamethazine at the rate of 


0.15 gr. per pound of body weight per treatment. ** Died of coccidiosis 22 days after inoculation. + Signi- 


ficant at the 0.01 level. 
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results indicate that relatively low dosage 
levels of sulfonamides are sufficient to con- 
trol infections with EZ. bovis, and that the 
drugs are probably most effective during a 
relatively short period in the life cycle of 
the parasite. 

The results in experiment 4 show that 
low-level treatment with these sulfon- 
amides, over a period of eight days during 
an infection with E. bovis, had no appre- 
ciable influence on development of im- 
munity. This agrees with the previous 
finding? that immunity develops in spite 
of treatment with equal parts of sulfa- 
merazine and sulfamethazine 13, 14, and 
15 days after inoculation with EZ. bovis. 

One of the most serious difficulties in 
controlling naturally acquired coccidiosis 
is that the presence of the disease is usually 
not recognized until after completion of 
the stage or stages most susceptible to 
treatment. Low-level administration of 
sulfonamides might provide ways of solv- 
ing this problem. Continuous low-level 
feeding of drugs, as is done with poultry, 
might be practicable in special situations 
in which coccidiosis frequently occurs. 
Also, low-level treatment with sulfon- 
amides could be started in all the members 
of a group of animals at the time coccidi- 
osis is first diagnosed in one or more indi- 
viduals in the groups, and could be con- 
tinued for as long as necessary to provide 
control. 

Further investigation is needed to de- 
termine whether these findings might also 
be applicable to coccidiosis caused by Ev- 
meria zurnti. 


SUMMARY 


Five experiments were conducted in 
which sulfamethazine or sulfabromometha- 


zine was given, either in one or two large 
doses or in multiple small doses on alter- 
nate days, to 49 calves experimentally in- 
fected with Eimeria bovis. : 

A single treatment with sulfamethazine 
or sulfabromomethazine at the rate of 1.5 
gr. per pound of body weight 13 days after 
inoculation effectively controlled coccidi- 
osis, as did administration of either of these 
drugs on alternate days at the rate of 0.15 
gr. per pound of body weight for as short 
a period as 10 to 18 days after inoculation. 

Such low-level treatment did not appre- 
ciably interfere with development of 
immunity. 

In one experiment, treatment with sulfa- 
methazine at the low level (0.15 gr./lb.) 
12 and 14 days after inoculation suppressed 
coccidiosis. 


References 


1 Boughton, D. C.: Sulfaguanidine Therapy in Experi- 
mental Bovine Coccidiosis. Am. J. Vet. Res., 4, (Jan., 
1943): 66-72. 

2Davis, L. R.: Portable Pens for Raising Healthy 
Dairy Calves. Mimeo., U.S.D.A., Washington, D.C., Jan. 
1949, revised Sept. 1949. 

* Davis, L. R., and Bowman, G. W.: Coccidiosis in 
Cattle. Proc. U.S. Livestock San. A., (1951): 39-50. 

* Davis, L. R., and Bowman, G. W.: The Use of Sulfa- 
methazine in Experimental Coccidiosis of Dairy Calves. 
Cornell Vet., 44, (1954): 71-79. 

5Hammond, D. M., Shupe, J. L., Johnson, A. E., 
Fitzgerald, P. R., and Thorne, J. L.: Sulfaquinoxaline 
and Sulfamerazine in the Treatment of Experimental In- 
fections with Eimeria Bovis in Calves. Am. J. Vet. Res., 
17, (July, 1956): 463-470. 

* Horton-Smith, ©.: Coccidiosis in Domestic Mammals. 
Vet. Rec., 70, (1958): 256-262. 

7Senger, C. M., Hammond, D. M., Thorne, J. L., 
Johnson, A. E., and Wells, G. M.: Resistance of Calves 
to Reinfection with Himeria Bovis. J. Protozool., 6, 
(1959): 51-58. 

8 Stowe, C. M., Aronson, A. L., and Johnson, K.: The 
Pharmacology of Sulfabromomethazine, a New Long-Act- 
ing Sulfonamide, in Cattle. Am. J. Vet. Res., 19, (April, 
1958) : 345-353. 

® Whitlock, H. V.: Some Modifications of the McMaster 
Helminth Egg-Counting Technique and Apparatus. J. 
Council Sci. & Indust. Res., Australia, 21, (1948): 177— 
180. 


Rates and Routes of Sulfonamide Excretion in the Cow 
I. Milk Levels Following Single Intravenous 
and Oral Administrations 


1. A. SCHIPPER, D.V.M., M.S., and D. F. EVELETH, Ph.D., D.V.M. 


Fargo, North Dakota 


THE CLINICAL APPLICATION and success of 
sulfonamides in veterinary therapeutics 
received increasing recognition in the years 
following their introduction, until the avail- 
ability of antibiotics to the veterinary pro- 
fession provided new chemotherapeutic 
agents that tended to replace sulfonamide 
therapy. However, increased evidence of 
bacterial resistance to antibiotics, as well as 
their toxicity, residual concentrations in 
human food products of animal sources, 
and their cost of administration have stim- 
ulated a renewed interest in sulfonamide 
therapy. 

Recent information *® indicates that a 
high percentage of the milk processed for 
human consumption contained residual 
antibiotics, as the result of extensive pro- 
phylactic and therapeutic intramammary 
medication for mastitis. This information 
partially indicates the need for the con- 
tinued search for better professional ap- 
proaches and therapy for mastitis. 

Much of our present information per- 
taining to absorption and rates of excretion 
of sulfonamides for domestic animals is 
based on the presentation of Welsh.® His 
data emphasized the definitive variations 
in rates of absorption and fate of sulfon- 
amides in different species, thus pointing 
to the fallacy of applying information per- 
taining to one species to that of another 
species. 

Previous investigators }}4-* have demon- 
strated that sulfanilamide, sulfapyridine, 
sulfapyrazine, sulfadiazine, sulfamerazine, 
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and sulfathiazole are excreted via the mam- 
mary gland in therapeutic concentrations 
following oral administration. 

A literature review pertaining to the 
pharmacology, therapeutic application, and 
toxicity of sulfonamides in veterinary 
medicine has been presented by Detweiler 
and Scheidy.” 


EXPERIMENTAL PROCEDURE 


Sulfonamides utilized in this investigation were 
administered in single doses; intravenously, in 
500 ml. of sterile distilled water, and orally, in 
the acid form, in gelatin capsules. Dosages of 
0.5 and 1.0 gr. per pound of body weight were 
utilized for either oral or intravenous administra- 
tion. Composite milk samples of all quarters of 
each experimental animal were collected prior to 
sulfonamide administration for controls. Com- 
posite milk samples of the fore milk of each 
quarter of each experimental animal were col- 
lected at one-, two-, four-, and eight-hour post- 
administration intervals. Samples collected at 12 
hours and at each succeeding 12-hour interval 
were composites of complete milkings. All sam- 
ples were refrigerated immediately following col- 
lection, and sulfonamide determinations were 
made within 24 hours following collection. 

The sulfonamide content was determined by a 
modification of the Bratton Marshall method.’ All 
data presented are in milligrams of free sulfon- 
amide per 100 ml. of milk. 


RESULTS 

Following single intravenous administra- 
tion at 1.0 gr./lb. of body weight, sulfon- 
amides appeared in milk in the following 
decreasing order of concentration: sulfa- 
methazine, sulfapyridine, sulfamerazine, 
sulfadiazine, and sulfathiazole (table 1). 
When administered at 0.5 gr./lb. of body 
weight, the milk concentration, in decreas- 
ing order, was as follows: sulfapyridine, 
sulfamethazine, sulfamerazine, sulfadia- 
zine, and sulfathiazole (table 2). 

With either of these dosages, the maxi- 
mum levels usually appeared at two hours 
following administration, with possible 
therapeutic levels present within the first 
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TABLE 1—Milligrams of Free Sulfonamides per 100 ml. of Milk Following Intravenous 
Administration of 1 gr./Ib. of Body Weight 


No. 


Hours 
samples 

Sulfonamide tested 1 2 4 8 12 24 36 48 
Sulfathiazole 6 

Highest level 7.1 7.1 5.8 2.6 1.1 0.6* 0.1* 

Lowest level 0.3 1.8 1.1 0.2 0.0 0.1 0.0 

Average 2.7 3.5 3.1 0.1 0.3 0.2 0.02 
Sulfapyridine 6 

Highest level 14.0 11.0 9.4 6.8 5.2 2.2 1.2 

Lowest level 2.7 2.4 2.2 2.3 1.6 0.4 0.2 

Average 7.5 7.6 6.7 5.1 3.6 1.5 0.7 
Sulfamethazine 5 

Highest level 11.4 14.4 11.77 7.4 6.2 2.8 2.8 0.9 

Lowest level 6.8 7.8 6.6 4.2 2.8 0.9 0.3 0.1 

Average 8.5 10.1 8.8 5.8 4.4 1.9 1.3 0.4 
Sulfamerazine 5 

Highest level 9.0 10.4 11.3 4.8 0.8 0.5 

Lowest level 1.4 2.1 3.4 1.4 0.0 0.1 0.0 

Average 5.5 6.7 5.6 3.0 8 0.4 0.2 
Sulfadiazine 3 

Highest level 5.4 6.3 5.0 3.8 0.8 0.1 0.0 

Lowest level 1.2 1.2 1.5 1.4 0.5 0.0 0.0 

Average 3.4 5.1 3.6 3.1 0.7 0.05 0.0 

* Only five samples tested. { Only four samples tested. 
hour following administration and remain- and sulfamerazine presented the highest 


ing through the feurth hour. Sulfametha- 
zine, sulfapyridine, and sulfamerazine pre- 
sented the most persistent milk levels. 
Detectable concentrations of the sulfon- 
amide compounds extended, at a maximum, 
over a period of 48 hours following 
administration. 

Following a single oral administration 
of 1 gr./lb. of body weight, sulfonamides 
appeared in milk in the following decreas- 
ing order of concentration: sulfapyridine, 
sulfamethazine, sulfanilamide, sulfamera- 
zine, sulfadiazine, and sulfathiazole. Sulfa- 
pyridine, sulfamethazine, sulfanilamide, 


milk levels in the shortest interval follow- 
ing administration (4 hours) and the great- 
est persistence (table 3). 

When administered per os at 0.5 gr./Ib. 
of body weight, the sulfonamide concen- 
tration in milk was found in the following 
decreasing order: sulfapyridine, sulfanil- 
amide, sulfamerazine, sulfamethazine, sul- 
fadiazine, sulfathiazole (table 4). Sulfa- 
thiazole was usually only of detectable 
values and required the greatest interval 
following administration before being de- 
tected in the milk. 

Regardless of rate of oral administration, 


No. 


Hours 
samples 

Sulfonamide tested 1 2 4 R 12 24 36 
Sulfathiazole 4 

Highest level 1.4 1.1 0.7 0.6 0.2 

Lowest level 0.7 0.6 0.5 0.1 0.0 

Average 1.0 0.9 0.6 0.4 0.1 
Sulfamerazine 5 

Highest level 0 6.2 6.6 3.1 2.2* 0.8 0.6 

Lowest level 3.4 3.8 2.9 1.8 1.2 0.4 0.1 

Average 4.9 5.2 4.2 25 LF 0.6 0.3 
Sulfamethazine 4 

Highest level 2.9 3.9 1.9 2.07 0.5¢ 0.2+ 

Lowest level 2. 3.9 3.6 1.9 1 0.5 0.2 

Average 2.9 3.8 1.9 1.8 0.5 0.2 
Sulfamerazine 5 

Highest level 4.2 5.4 4.8 3:7 1.5 1.0 

Lowest level 1.0 3.0 2.4 1.9 1.1 0.0 

Average 2.6 4.2 3.6 2.3 1.3 0.5 
Sulfadiazine 3 

Highest level 2.0 2.0 1.4 0.9 0.0 

Lowest level 0.8 1.2 1.2 0.1 0.0 

Average 1.4 1.6 1.3 0.5 0.0 


* Only four samples tested. 
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TABLE 3—Milligrams of Free Sulfonamides per 100 ml. of Milk Following Oral Administration 
of 1 gr./lb. of Body Weight 


No. Hours 

Sulfonamide tested 1 2 4 8 12 24 36 48 
Sulfathiazole 5 

Highest level 0.0 0.0 0.1 0.6 0.8 0.4 0.2 

Lowest level 0.0 0.0 0.0 0.1 0.1 0.2 0.0 

Average 0.0 0.0 0.05 0.3 0.4 0.3 0.1 
Sulfapyridine 5 

Highest level 0.5 1.5 4.4 5.0 6.0 5.5 3.2 1.0 

Lowest level 0.1 0.2 1.4 3.2 4.3 RY 0.8 0.4 

Average 0.4 1.0 2.9 4.3 4.9 3.6 2.0 0.6 
Sulfamethazine 5 

Highest level 0.4 0.9 3.0 4.6 5.3 3.8 2.5 0.8 

Lowest level 0.1 0.3 2.2 3.5 3.6 1.9 1.0 0.3 

Average 0.3 0.6 2.4 4.2 4.8 3.1 1.7 0.6 
Sulfamerazine 6 

Highest level 0.9 1.5 4.8 7.3 7.2 4.3* 2.6 0.8 

Lowest level 0.0 0.0 0.3 0.5 1.8 0.7 0.3 0.0 

Average 0.3 0.5 1.3 2.4 3.0 1.7 1.0 0.2 
Sulfadiazine 3 

Highest level 0.1 0.2 0.2 1.1 0.9 0.4 0.4 0.3 

Lowest level 0.0 0.0 0.1 0.5 0.7 0.3 0.2 0.2 

Average 0.03 0.06 0.2 0.7 0.8 0.3 0.3 0.2 
Sulfanilamide 6 

Highest level a8 1.9 4.3 5.7 8.6 3.3 1.9 0.5 

Lowest level 0.0 0.1 0.2 0.7 0.9 0.5 0.5 0.2 

Average 0.2 0.7 2.1 3.5 3.9 2.2 1.2 0.4 


* Only five samples tested. 


milk concentration of sulfonamides ap- served when administered by either route 

peared much later and at lower concen- or at either rate. 

trations until the twelfth hour, but re- 

mained at a higher level for an additional Discussion 

12 to 24 hours than when given by intra- From the results of this investigation, it 

venous administration. Sulfathiazole ap- would appear that sulfapyridine, sulfa- 

peared to be the least rapidly observable methazine, and sulfamerazine, or combina- 

in the milk and in the lowest concentrations tions of these sulfonamides, would be best 

of all sulfonamides investigated. suited for intravenous administration in 
No toxicity for any sulfonamide was ob- bovine mastitis therapy. Probable thera- 


TABLE 4—Milligrams of Free Sulfonamides per 100 ml. of Milk Following Oral Administration 
of 0.5 gr./Ib. of Body Weight 


No. Hours 
samples 

Sulfonamide tested 1 2 4 8 12 24 36 48 
Sulfathiazole 3 

Highest level 0.0 0.0 0.0 0.2 0.2 0.3 0.05 0.0 

Lowest level 0.0 0.0 0.0 0.05 0.2 0.05 0.0 0.0 

Average 0.0 0.0 0.0 0.1 0.2 0.2 0.02 0.0 
Sulfapyridine 4 

Highest level 0.05 0.7 1.7 2.7 2.6 1.6 1.0 0.2 

Lowest level 0.0 0.4 1.6 2.4 1.9 1.0 0.5 0.05 

Average 0.03 0.6 1.7 2.6 2.3 1.3 0.8 0.1 
Sulfamethazine 4 

Highest level 0.5 0.2 0.5 0.9 0.5 0.2 0.1 

Lowest level 0.0 0.0 0.3 0.8 0.5 0.2 0.0 

Average 0.03 0.1 0.4 0.9 0.5 0.2 0.1 
Sulfamerazine 5 

Highest level 0.0 0.1 1.0 1.3 1.3 0.6 0.4 0.05 

Lowest level 0.0 0.05 0.6 0.8 0.8 0.4 0.1 0.05 

Average 0.0 0.1 0.8 1.0 1.0 0.5 0.3 0.05 
Sulfadiazine 3 

Highest level 0.5 0.1 0.3 0.6 0.6 0.6 0. 0.0 

Lowest level 0.0 0.0 0.0 0.1 0.2 0.0 0.0 0.0 

Average 0.1 0.03 0.1 0.4 0. 0.2 0.1 0.0 
Sulfanilamide 6 

Highest level 0.5 0.2 0.8 2.1 2.0 1.3 0.4 

Lowest level 0.05 0.2 0.6 ae 2.0 1.1 0.6 0.2 

Average 0.05 0.2 0.7 1.9 2.0 1.2 0.7 0.3 


XUM 


© ceo oO 


A 


A 

D 

= — 
t 

D 

Nn 

iJ 

t 

t 

t 

t 

t 

li 

f 

f 

f 

t 


XUM 


Am. J. Vet. Rzs. 
JULY, 1959 


SULFONAMIDE EXCRETION IN THE Cow 


717 


peutic concentrations of these sulfonamides 
were present in the milk within one hour 
and remained for approximately 24 hours, 
thus providing a rapidly available thera- 
peutic agent, some of which would remain 
present in the mammary gland upon com- 
plete removal of milk at 12-hour intervals. 
The presence of a sulfonamide in the mam- 
mary gland while the normal routine milk- 
ing process takes place would provide 
intramammary medication. In addition, 
the milking process would aid in removing 
the inspissated, purulent, and toxic secre- 
tion resulting from mastitis. 

Data obtained following oral adminis- 
tration of sulfonamide compounds, at two 
dosage levels, indicate that those com- 
pounds best suited for intravenous adminis- 
tration in mastitis therapy would be of a 
similar value upon oral administration. 
However, therapeutic levels would be de- 
layed two to four hours, compared to those 
following intravenous administration, but 
would probably remain in the milk for an 
additional 12 hours beyond those observed 
following intravenous administration. Sul- 
fanilamide, which can only be given orally, 
is also found in effective concentrations in 
the milk. 

On the basis of milk concentration as 
observed in this investigation, it appears 
that sulfathiazole would be of little value 
for mastitis therapy when administered 
either intravenously or orally. 

Before individual sulfonamides and their 
combination can be adequately evaluated 
as chemotherapeutic agents for bovine mas- 
titis following intravenous and oral ad- 
ministration, additional information must 
be obtained pertinent to spectrum of ac- 
tivity of sulfonamides for organisms in- 
volved in clinical mastitis, intramammary 
concentrations following combinations of 
intravenous and oral administration, and 


field investigations evaluating clinical 
results. 


SUMMARY 


Upon oral or intravenous administration, 
the sulfonamides presenting the greatest 
intramammary concentrations as deter- 
mined by milk assay are: sulfamethazine, 
sulfapyridine, sulfamerazine, sulfadiazine 
and, only per os, sulfanilamide. 

The concentrations of sulfathiazole found 
in the milk in this investigation would 
appear to be of little value in mastitis 
therapy. 

Intravenous administrations provided 
more rapidly detectable concentrations of 
sulfonamides in the milk than did oral 
administration, while the latter provided 
more persistent milk levels. 
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Udder Sections to Sterilized Cultures and Filtrates 
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Wooster, Ohio 


QUESTIONS STILL EXIST concerning the 
means whereby infectious agents which in- 
vade udders produce inflammatory re- 
sponses. The likelihood of allergic reactions 
being involved in mastitis associated with 
Streptococcus agalactiae infections was 
shown by Spencer and Angevine.'® The 
results obtained by Pounden and Zehner? 
suggest that the low pH resulting from 
acid production by these organisms in the 
milk may be a factor. 

This paper reports further attempts to 
explore the mechanisms involved in attacks 
of mastitis, associated in particular with 
Str. agalactiae, by studying clinical and 
histopathological reactions of experimen- 
tally produced conditions. 


EXPERIMENTAL PROCEDURES 


A total of 25 quarter infusions with sterilized 
cultures and filtrates were carried out in the pre- 
liminary series. These infusions were made into 
the udders of 3 aged cows and 2 younger cows. 
Neither of the young cows had any record of masti- 
tis, but the 3 older cows had suffered from mastitis 
associated with Str. agalactiae. 

The organisms used were Str. agalactiae, a hemo- 
lytic Staphylococcus, and Cryptococcus neofor- 
mans,’ each obtained from a cow with mastitis, and 
six organisms obtained from healthy udders. These 
latter apparently were nonpathogenic for udders 
and consisted of three medium-sized rods producing 
yellow-colored colonies, two small diphtheroids such 
as are frequently observed in normal milk samples, 
and a nonhemolytie Micrococcus. The preparations 
consisted of dextrose-serum broth and raw milk cul- 
tures, bacteria-free filtrates from these, and sus- 
pensions of cells washed from agar slants with 0.4 
per cent saline solution. The C. neoformans culture 
was grown in Sabourard’s broth. The broth cul- 
tures, the cell suspensions, and the milk cultures 
were boiled to kill the organisms, Sterility checks 
of all the infused materials were made by culturing 
on blood agar. 

The clinical status of the animals and their 
udders was closely checked during the first few 
hours of the postinfusion period. 

In later experiments, 10 cows were used and, 
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besides clinical observations, gross and microscopic 
pathology examinations were included, as the ani- 
mals were slaughtered four to six hours after the 
udders were infused. Fourteen of the infused 
quarters on these cows previously had undergone 
attacks of mastitis produced by a variety of organ- 
isms other than Str. agalactiae, and an additional 
eight quarters had been free of mastitis or mastitis- 
producing organisms. These 22 quarters were 
infused with four different kinds of antigens pre- 
pared from Str. agalactiae. Two antigens were 24- 
hour dextrose broth cultures, one being used in the 
freshly prepared state and the other after boiling 
long enough to kill the organisms. The other two 
were 0.4 per cent saline solution suspensions of the 
organisms washed from agar siants and one of 
these also was boiled before using. The boiled prep- 
arations were checked for sterility as previously 
described. 
RESULTS 


When 2 to 4 ml. of dextrose-serum broth, 
boiled broth cultures of Str. agalactiae, or 
bacteria-free filtrates of similar cultures 
were infused into three previously healthy 
quarters there was no clinical response 
(table 1). The same was true of three quar- 
ters previously affected by Str. agalactiae, 
but a mild reaction occurred in an addi- 
tional quarter in the same category when 
infused with the boiled broth culture. A 


TABLE i—Clinical Reactions Produced by Infu- 
sion of 25 Quarters with Sterilized Bacterial Cul- 
tures, Filtrates, and Cell Suspensions 


Severity of udder 


Quantity reactions 
infused Previously Previously 
Infused materials (ml.) healthy mastitic 
Broth, dextrose-serum 2.0 
4.0 
Broth, Str. agalactiae 2.0 - 
4.0 + 
Filtrate, Str. agalactiae 2.0 _ 
3.0 
4.0 
Cells, Str. agalactiae 4.0 2+ 
Broth, Hemolytic 
Staphylococcus 4.0 es 2 
Broth, Micrococcus 4.0 + 4+ 
Broth, medium rods 4.0 a 3+, 34+, 3+ 
Broth, diphtheroids 4.0 = 3+, 3+ 
Broth, C. neoformans 5.0 
Milk, Str. agalactiae 10.0 3+ 
Milk filtrate, 
Str. agalactiae 10.0 3+ 
12.5 3+ 
20.0 44+ 3+ 
20.0 44 
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Upper REACTIONS TO STERILIZED CULTURES AND FILTRATES 


moderately severe reaction, involving 
swelling and secretion change, occurred 
within three hours when an infusion was 
made into a different previously affected 
quarter using 4 ml. of a boiled washed cell 
suspension (nephelometer 4) of Str. aga- 
lactiae in 0.4 per cent saline solution. 

Infusions (4 ml.) were made in seven 
more quarters with histories of being pre- 
viously mastitic. Boiled broth cultures 
were used, consisting of a hemolytic Staph- 
ylococeus from a mastitic udder and the 
six other bacteria which had been obtained 
from healthy udders and which apparently 
were not mastitis-producing organisms. In 
all instances but one, a moderately severe 
reaction occurred within three hours and 
terminated the following day. The excep- 
tion was a quarter which developed a 
severe reaction when infused with a Micro- 
eoecus preparation (table 1). 

The killed C. neoformans culture in Sa- 
bourard’s broth did not cause any visible 
changes when infused in 5 ml. quantities 
into two healthy and two previously mas- 
titie quarters. 

Moderately severe reactions developed 
when a 10.0 ml. quantity of sterilized Str. 
agalactiae milk culture and a 10.0, 12.5, 
or 20.0 ml. quantity of filtrate from milk 
eultures of this organism (pH 4.6) were 
infused into four previously affected 
glands. More severe reactions followed the 
infusion of 20.0 ml. quantities of this fil- 
trate into two healthy quarters (table 1). 

In the second series, 14 known previously 
affected quarters were infused, then the 
animals were slaughtered (table 2). Eleven 
of these 14 were infused with boiled, 
washed, 0.4 per cent saline solution suspen- 
sions (nephelometer 4), of Str. agalactiae, 
using 3.5 ml. quantities in two and 5.0 ml. 
in the others. 

Four showed no visible change, four had 
mild reactions (+), and one a moderate 
swelling (2+), and two had severe reac- 
tions (3+ and 4+). One of the glands in- 
fused with 3.5 ml. was among those having 
mild reactions and the other had a moder- 


TABLE 2—Clinical Reactions from Infusion of 
Killed Streptococcus Agalactiae Into Lactating 
Udders with Previous Histories of Mastitis 


No. Reactions 
quarters Antigen 
11 Washed bacteria 4 4 1 1 1 
3 Broth culture 3 


Fig. 1—Section from a mammary gland with pre- 
vious infection, taken six hours after injection 
with boiled 24-hour broth culture of Streptococcus 
agalactiae. Notice the interstitial edema and dense 
leukocytic infiltration, as well as cellular and 
fibrinous exudate in the ducts. H & E stain; x 96. 


ately severe reaction. The remaining three 
of these 14 previously affected quarters 
were infused with 5.0 ml. quantities of 
boiled broth culture of Str. agalactiae, and 
all had severe reactions. 

In addition, eight healthy quarters were 
infused (table 3). Six of these were in- 
fused with sterilized products, two with 
boiled broth cultures (2 and 5 ml.), and 
four with boiled washed cultures (5 ml.), 
without visible reactions in any of them. 
The remaining quarters were infused with 
live organisms, one with a 5 ml. broth cul- 
ture and the other with 5 ml. washed cell 
suspension (nephelometer 4), and both 
quarters had reacted sharply by slaughter 
time six hours later. 

Of a total of 15 infusions made into 
healthy quarters in both series, four were 
followed by reactions and none involved 


TABLE 3—Infusion of Streptococcus Agalactiae 
Into Lactating Udders with No Previous Histories 


of Mastitis 
He. Reactions 
quarters Antigen 


2 Killed broth culture 2 
4 Killed washed 


bacteria ‘ 
1 Live broth culture... os 1 
1 Live washed 
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Fig. 2—Section from a mamm gland with no 

known previous infection, taken six hours after 

infection with live, 24-hour broth culture of Strep- 

tococcus agalactiae. Notice the interstitial edema 

and dense cellular exudate in the alveoli. H & E 
stain; x 144, 


killed broth cultures or cell suspensions. 
Two were in quarters given filtered Str. 
agalactiae milk culture (pH 4.6) and two 
in quarters infused with live Str. agalactiae 
organisms. Reactions followed in 23 of the 
total of 32 infusions of sterilized bacterial 


Fig. 3—Section from a mammary gland with no 
known previous infection, taken six hours after 
infection with live, washed suspension of Strepto- 


coccus agalactiae. There is heavy infiltration of 

leukocytes in the ducts and interstitial tissues as 

well as marked interstitial edema. H & E stain; 
x 92. 


cultures, filtrates, and cell suspensions into 
previously affected quarters. 

Gross and Microscopic Pathology.—Ex- 
tensive subcutaneous and interstitial edema 
was observed in cut sections of the infused 
quarters. The cut surfaces were granular 
and mottled grayish to dark red, but gross 
hemorrhage and necrosis were absent. 

The histopathological changes were simi- 
lar in all reacting quarters. The most 
noticeable and consistent changes were 
edema and infiltration of neutrophils into 
the interstitial tissue (fig. 1, 6). Lymph 
channels were distended with fluid which 
contained a few leukocytes. Neutrophils 
were present in heavy concentration in the 
interstitial tissue and they could be seen 
migrating through the walls of the alveoli 
and ducts (fig. 4). Margination of neutro- 
phils in the blood vessels was also evident 
(fig. 5). In addition to neutrophils, a few 
lymphocytes, plasma cells, eosinophils, and 
monocytes were present. However, these 
cell types were few in number compared 
with the neutrophils. 

Most of the alveoli and ducts were dis- 
tended, although some contained milk and 
occasional corpora amylacea. Some alveoli 
were clear and open, indicating edema. 
Others were filled with neutrophils, fibrin, 
scattered plasma cells, and granular debris 
(fig. 1-3, 6). Some alveolar epithelial cells 
were vacuolated, but these cells were regu- 
larly spaced and the size of the vacuole was 


= 
Fig. 4—Neutrophils migrating through the walls 


of a duct. Udder injected with boiled, 24-hour 
culture of Streptococcus agalactiae. H & E stain; 
x 972. 
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similar in all cells. These were considered 
to be functional secretory cells and not 
cells undergoing hydropic degeneration. 

Mild degeneration was apparent in some 
areas which involved only the epithelial 
eells of the alveoli. There was no necrosis 
or hemorrhage. 


DISCUSSION 


The inflammatory reactions in these ud- 
ders after infusion were clinically similar 
to field cases of acute mastitis. Usually, 
however, all indications of mastitis had 
disappeared after 24 hours. If the injec- 
tion was repeated, a similar response 0c- 
eurred. The histopathology of the lesions 
was similar in most respects to the lesions 
of Str. agalactiae mastitis as described by 
others.*:® 

The rapid reaction in previously affected 
udders to the presence of the killed bac- 
terial antigens, coupled with some of the 
histopathological findings, indicated that 
hypersensitive responses occurred. The 
hypersensitivity to bacteria of udders that 
had suffered previous attacks of mastitis 
apparently was not limited to the organ- 
isms associated with the original attack. 
Udders previously affected by Str. agalac- 
tiae were sensitive to the infusion of several 
other organisms, even those not considered 
to be udder pathogens. Furthermore, ud- 
ders previously attacked by organisms 
other than Str. agalactiae were sensitive to 
the presence of the latter. 

The lack of response from infusion of 
C. neoformans might be considered an ex- 
ception and may indicate that udder sen- 
sitivity to bacterial antigens is not broad 
enough to include this fungal organism. 
However, absence of tissue reaction in a 
host seems to be characteristic of infection 
with this organism. 

The response to infusions of low pH 
(4.6) was more intense in healthy than in 
previously affected udders. This may help 
explain the tendency for severe swelling 
with little or no secretions in primary at- 
tacks of Str. agalactiae mastitis, as com- 
pared with the effect of repeated or chronic 
attacks in which there frequently is a more 
abundant abnormal secretion but less swell- 
ing. Possibly, the presence of the strepto- 
cocci is not enough to start a primary 
attack until their activity in milk pro- 
duces a sufficiently low pH to irritate the 
tissues. This would then permit the in- 


vessel in inflamed udder tissue. H & E stain; x 144. 


jured tissues to become sensitized to bac- 
terial components. 

The intense reaction within a few hours 
to infusion with large numbers of living 
Str. agalactiae, by the two quarters which 
had no previous history of mastitis seemed 
rapid for udders in this category. However, 
there probably was time for a lowering of 
the pH of the secretions to oecur in limited 
areas and for this to be involved in the 
attack. It is also possible that these quar- 


Fig. 6—Section from a mammary gland with pre- 
vious infection, taken six hours after injection 
with a boiled, washed suspension of Streptococcus 
agalactiae. There is a dense infiltration of leuko- 
cytes into the interstitial spaces and ducts as well 
as interstitial edema. H & E stain; x 144. 


% 
Fig. 5—Margination of leukocytes in small blood 
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Fig. 7—Neutrophils and some plasma cells shown 

in inflamed udder tissue. This concentration of 

plasma cells (arrows) was exceptional H & E 
stain; x 864. 


ters had undergone unrecognized mild at- 
tacks at some previous time. 

The neutrophilic response was antici- 
pated because these cells are usually found 
in acute inflammations. Compared with 
the number of neutrophils, only a few 
plasma cells were seen in the interstitial 
spaces (fig. 7) and in the exudate. Camp- 
bell et al.* reported a heavy infiltration of 
plasma cells into the interstitial tissues of 
udders of cows that were ready to freshen, 
had just freshened, or when milking had 
been discontinued for several days. They 
found only scattered plasma cells in udders 
that were milked regularly. They stated 
that, ‘‘the concept of the plasmacytic ori- 
gin or specific antibodies demands that any 
such spectacular rise in immune globulin 
be accompanied by a properly timed wave 
of plasma cell formation.’’ They associated 
periods of increased antibody production 
in the udder with a marked increase in 
plasma cell population. Since only a few 
plasma cells were found in these tissues, 
either this phenomena does not always oc- 
cur or else Streptococcus antigen does not 
stimulate much antibody production. 

In veterinary pathology texts,*:*® plasma 
cells are not described as being a promi- 
nent part of the cellular infiltration of in- 
flamed mammary tissue, although some 
texts state that they form part of the cell 
population in chronic inflammation (not 
limited to chronic mastitis).2°8 In the 


human female, a rare condition called 
‘‘nlasma cell mastitis’’ has been described 
but it is associated with malignancy. 

The rather limited plasma cell response 
to the presence of streptococci suggests 
that mechanisms other than those of an 
immunological nature may play a part in 
counteracting Str. agalactiae infection. A 
possible explanation is indicated by the 
noticeable reduction in the activity of this 
organism when it is exposed in vitro to 
abnormal milk containing serum and other 
products of inflammation, as compared 
with that in normal milk. 


SUMMARY 

The infusion of killed broth cultures or 
cell suspensions of Str. agalactiae into 16 
quarters with previous histories of mastitis 
brought on attacks in 12 quarters. Similar 
products did not affect any of seven quar- 
ters that had no history of mastitis. 

Seven quarters with previous histories of 
mastitis reacted when four different killed 
broth cultures were infused, and the same 
was true of four similar quarters infused 
with sterilized milk cultures or filtrates of 
Str. agalactiae. 

Histopathologically, the reaction con- 
sisted of edema with fibrin and massive 


neutrophilic infiltration into the inter- 
stitial tissues, ducts, and alveoli. Only 
scattered plasma cells were found. These 


results were similar to those described for 
naturally occurring mastitis. 
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Electron Microscopy of the Pulmonary Alveolar Wall 


A. M. WATRACH, M.R.C.V.S., Ph.D., and A. E. VATTER, Ph.D. 


Urbana, Illinois 


THE STRUCTURE of the pulmonary alveolar 
lining has been the subject of dispute since 
the middle of the nineteenth century. The 
decisive answer to this eminently contro- 
versial issue of histology has been provided 
only within the last few years, by the ap- 
plication of the electron microscope to the 
study of tissues. 


Although the fundamental problem of 
the continuity of the alveolar epithelium 
has been solved, a number of morphological 
aspects of the alveolar wall still await fur- 
ther elucidation. Among these are not only 
the fine structure of epithelial cells and 
boundaries between them, but also the 
presence of mesenchymal cellular elements 
in interstitial spaces of the alveolar septa. 
In pathological states of the lung, cells of 
alveolar epithelial origin appear free in the 
air spaces and not infrequently assume the 
form of vacuolated, ‘‘foamy”’ cells. A 
growing body of evidence indicates that the 
alveolar epithelial cells, while attached to 
the wall or free in the lumen, possess an 
appreciable degree of phagocytic power. 


REVIEW OF LITERATURE 


The first report on electron microscopic investi 
gations of the lung was published in 1952 by Low.”® 
The author based his findings on rat tissue fixed 
for four hours in a 1 per cent solution of osmium 
tetroxide and sectioned at the thickness of 60 to 
100 mu. The conelusions drawn by Low pointed 
to the existence of a continuous alveolar epithelium 
‘fwith cell bodies located chiefly on the thicker 
portions of alveolar walls’’ and attenuated to form 
a complete lining. The thickness of the epithelial 
membrane was estimated at 0.1 to 0.74. In its 
very thin parts, the epithelium was thought to be 
‘fapplied directly to the capillary endothelium.’’ 
The ‘‘ ground substance,’’ often containing fibrillar 
elements and interposed between capillary endothe- 
lium and surface epithelium, was seen by Low only 
in some segments of the alveolar wall. The non- 
nucleated plaques of Kélliker * were not observed. 

A year later, Low”™ extended his studies of the 
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alveolar epithelium to other laboratory animals 
(mice, guinea pig, rabbits, and dogs) and man. 
He found a continuous epithelial lining in all 
species examined and described uninterrupted base- 
ment membranes ‘‘ discretely localized along the 
basal surfaces of both epithelium and endothe- 
lium.’’ Thin portions of epithelial cells were re- 
ported to contain ‘‘cytoplasmic inclusions’’ in- 
distinguishable from those seen in the perinuclear 
moieties. Low admitted, however, that interrup- 
tions in the epithelial covering could be found at 
points where ‘‘free cells’’ were set against the 
wall of alveoli. Later, Low™ suggested that in 
order to obtain a better preservation of cellular 
elements, the time of fixation with osmium tetroxide 
should be reduced from four hours to 60 or 30 
minutes. 

Early support of Low’s observations came from 
Macklin,” in a paper on the pulmonary alveolar 
mucoid film and the pneumonocytes. Clemens also 
confirmed the findings of Low and described a 
continuous membrane separating the alveolar capil- 
laries from the air spaces. However, in 1955, 
Clemens * repudiated his earlier opinion and con- 
cluded that the alveolar epithelial cells covered 
only certain portions of the subjacent and con- 
tinuous, structureless, basement membrane. 

Swigart and Kane“ were first to oppose the 
view of Low. They recognized the presence of 
‘*some material intervening between the air space 
and the ecapillary,’’ but were not able to demon- 
strate the uninterrupted cellular lining. The lung 
tissue studied by these authors was fixed for eight 
hours in 1 per cent osmium tetroxide and was ap- 
parently examined under low magnifications. Es- 
sentially similar observations were made by Policard 
et al.,” * who denied the presence of a continuous 
alveolar epithelium, and also contended ™ that the 
endothelial cells of capillaries were either attenu- 
ated to a thickness of less than 10 my or formed a 
discontinuous membrane. 

Two years later, however, Policard and Collet 
recognized the continuity of the alveolar epithe- 
lium. They described it as being composed of 
cells possessing a small, polygonal main body and 
thin cytoplasmic extensions. Policard et al." also 
changed their concept of the endothelium and ad- 
mitted that it was continuous, although attenuated 
in some parts to 20 mug. Schlipkéter * found that 
the alveolar lining in the rat consisted of two 
layers, and reported that some of the epithelial 
cells contained strongly osmiophilic bodies, most 
of which displayed concentrically arranged inter- 
nal lamellae. According to Kisch,” many eapil- 
laries in the alveolar walls were bare and ‘‘in 
direct contact with the air.’’ 
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In a preliminary report on the fine structure of 
pulmonary capillaries and alveoli of the mouse, 
Karrer™ stated that the alveolar walls were lined 
by a continuous epithelial layer of an average 
thickness not exceeding 200 mu. In some segments 
of the wall, both epithelial and endothelial cells 
were found to be as thin as 10 mz. Interruptions 
in the epithelium, noted by Low™ and later by 
Breemen and Neustein,‘ were not seen by Karrer. 
Septal cells were regarded by him as ‘‘ bulging 
nucleated parts of the epithelial cells.’’ He also 
described the ‘‘ basement membrane’’ and believed 
that it was essentially structureless, although in 
some portions it apparently contained unit fibers 
of collagen. In a subsequent communication, Kar- 
rer reaffirmed his original findings and also dis- 
tinguished between two types of alveolar epithelial 
cells, 

In extensive studies on the normal structure of 
lung capillaries in the frog, rat, cat, and hedge- 
hog, Bargmann and Knoop * found that the alveolar 
epithelium was continuous and rested on a homoge- 
neous basement membrane. Osmiophilic cytoplas- 
mie inelusion bodies, first described by Schlip- 
kéter,” were regarded by Bargmann and Knoop as 
a product of a degenerative process, possibly of 
the mitochondria. Among other cellular structures 
observed by these workers were so-called microvilli 
located on the surface of some of the alveolar epi- 
thelial cells, and the endoplasmic reticulum which 
formed a system of tubular profiles and vacuoles. 
The average thickness of the cytoplasmic epithe- 
lial covering was estimated at 100 mz. 

Schulz™ found the microvilli in the human lung 
not only on the main body of the alveolar cells but 
also on their cytoplasmic attenuations. According 
to this author, the epithelial cells contained, in ad- 
dition to mitochondria and other cytoplasmic com- 
ponents perinuclear structures 2.5 uw long and 1.0 u 
thick, displaying multiple, dense bands. These 
structures, presumably derived from mitochondria, 
were increased in number in lungs affected by 
chronic congestion as a result of mitral stenosis. 

The continuity of the alveolar epithelium was 
further recognized in the lungs of man and the rat 
by Gieseking ® * and in the mouse, rat, and horse by 
Dettmer.® The latter investigator, however, was 
not able to demonstrate a basement membrane in 
the alveolar wall. 


Recently, Policard et al.” reaffirmed their previ- 
ous views and reported that the interalveolar septa 
normally contain a small number of histiocytes in- 
terposed between the basement membranes of the 
epithelium and the capillary endothelium. Morpho- 
logically similar cells, located in the interstices of 
the alveolar wall and presumed to be of the con- 
nective tissue type, were observed by Schulz™ in 
his study on the lung of the dormouse (Myozrus 
glis), and by Gieseking®” in studying the lungs 
of man and the rat. 

It is the purpose of this work to describe 
the ultrastructure of the pulmonary alveo- 
lar wall as observed in the rat, and to pre- 
sent a view on the formation of free alveo- 
lar epithelial cells. 


MATERIALS AND METHODS 


Ten healthy albino rats weighing approximately 
100 Gm. each were used in this study. 

The animals were rendered unconscious by a 
sharp blow on the head. As soon as was practicable, 
the trachea was exposed and ligated securely with 
a thread just below the larynx. A hypodermic 
needle (No. 26, %4-in. long) was then inserted into 
the tracheal lumen and a sufficient amount (2 to 
3 ml.) of 1 per cent buffered solution of osmium 
tetroxide was injected slowly into the lungs. A 
few minutes later, the thorax was opened and the 
lung removed. The parts well infused with osmium 
tetroxide were excised with fine scissors, cut into 
cubes of about 1 mm., and fixed at room tempera- 
ture for 30 minutes in a 1 per cent solution of 
osmium tetroxide buffered with acetate veronal at 
a pH of 7.6.” The specimens were washed for 30 
minutes in three changes of distilled water at 00. 
and dehydrated in ethyl alcohol of ascending 
grades (20, 35, 70, and 95%) at OC., 20 min- 
utes in each, and in absolute ethyl alcohol, with 
three changes, for one hour. The tissues were then 
infiltrated with monomeric methacrylate (4:1 n- 
butyl and methyl) for two hours and embedded in 
prepolymerized methacrylate. After polymeriza- 
tion for 36 to 48 hours under ultraviolet light at 
30 C., the specimens were sectioned by means of a 
Sjéstrand ultramicrotome equipped with a glass 
knife. All sections were mounted on ‘‘ Athene’’ 
grids coated with a collodion film stabilized by 
earbon “ and examined with an RCA, EMU 3c elee- 
tron microscope. 


Legends for Illustrations on Opposite Page 


Fig. 1—Low power view of alveolar septum. Epithelial cell wedged between two capillaries 
shows cytoplasmic extensions which attenuate gradually and cover the surface of the wall. 
Extravasated red blood cell is present at the lower right. x 7,500. 


Fig. 2—Enlarged detail of figure 1. 


Notice the thinness of the epithelial and endothelial 


extensions where they overlap the rounded edge of erythrocyte. N = nucleus, BM = basement 


membrane, 


EP = epithelial cell, EN = endothelial cell. 


x 30,000. Inset represents detail 


of figure 2. x 46,000. 
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OBSERVATIONS 


The present study revealed that the pul- 
monary alveolar wall consists essentially of 
four elements; i.e., (1) epithelium, (2) 
basement membrane, (3) capillary endothe- 
lium, and (4) a supporting framework of 
fibers. In addition to these components, the 
alveolar wall contains in its interstices oc- 
casional, medium-sized cells which, because 
of the close spatial relationship to the capil- 
lary endothelium and undetermined func- 
tional properties, will be referred to as 
mesenchymal cells. 

Alveolar Epithelium.—The surface of the 
alveolar wall was found to be lined by a 
continuous epithelium composed of cells 
possessing remarkably long and attenuated 
cytoplasmic extensions (fig. 1-4). These 
extensions constituted the major part of 
the epithelial lining. 

The nucleus-bearing moiety of the epithe- 
lial cells varied sufficiently in size and other 
morphological properties to allow for a 
distinction of two main variants. One of 
these, the elongated form, was usually ap- 
plied to the free segment of the wall (fig. 1, 
2); the other, fairly large and polygonal in 
shape, was located in the alveolar niche or 
stretched across the wall between two ad- 
jacent capillaries (fig. 4). Transitional 
forms between these two types were occa- 
sionally observed. 

The nucleated part of the elongated vari- 
ant of the cell was usually wedged between 
the adjoining capillaries (fig. 1,2). In such 
instances, it could not be easily differenti- 
ated from the endothelial cell if examined 
only under a low magnification. The nu- 
cleus of this cell occupied a considerable 
portion of the main cytoplasmic body and 
was delineated by a double membrane. The 
perinuclear cytoplasm contained a few 
mitochondria displaying a characteristic 
structure 73.39 of internal lamellae and a 
double delimiting external membrane. The 
endoplasmic reticulum,** consisting of fine 
tubular profiles and vesicles, was also evi- 
dent. The nucleated part of the cell meas- 


ured 8.0 » in length and 3.5 » in depth ( fig, 
1). The cytoplasmic processes attenuated 
gradually (fig. 1,2) and extended over the 
surface of the wall. At some points they 
were thin, measuring approximately 20 mg, 
Generally, however, the thickness of the 
flattened part of the epithelium was 
greater, ranging from 50 to 200 mp. The 
thicker segments contained a few mitochon- 
dria and a clearly identifiable network of 
endoplasmic reticulum. Occasionally, the 
surface of such segments exhibited small 
projections (microvilli) of varying length. 
The cell was enveloped by a plasma 
membrane, the average thickness of which 
was estimated as approximately 50 to 75A 
(fig. 2). Well-defined small invaginations 
of the membrane, previously described by 
Schulz,3* were sometimes seen on the inner 
surface of the cytoplasmic extensions. 

The other morphological variant of the 
epithelial cell evidently corresponds to the 
**septal cell’’ of light microscopists. Its 
main body measured approximately 4 in 
diameter, and in most instances was attenu- 
ated quite abruptly (fig. 3). The nucleus 
occupied one half to two thirds of the 
bulging part of the cell. In addition to 
numerous mitochondria and abundant en- 
doplasmic reticulum, the perinuclear cyto- 
plasm contained a number of fairly large 
(200-500 mp» long and 100-250 wide) 
opaque bodies (osmiophilic inclusions *), 
many of which showed an irregularly lami- 
nated internal structure( fig. 3, 4, 7, 8). 
The surface of the cell and its adjacent, at- 
tenuated portions often displayed micro- 
villi of an average lenth of 140 mz. 

The boundary between two adjoining 
epithelial cells was seen only on rare o¢- 
easions. It was represented by a narrow 
space not exceeding 20 my in width and 
delimited by two parallel plasma mem- 
branes. The length of the junction varied 
greatly, depending on location. When 
found in thin portions of the epithelium, 
it usually ran a straight and short course 


Legend for Illustration on Opposite Page 


Fig. 3—Epithelial cell (EP) in alveolar niche. Cytoplasmic extensions attenuate abruptly. 
Notice the presence of microvilli, mitochondria (M), and osmiophilic inclusions (OI), two of 
which show disrupted internal structure. Interstitial spaces are rich in fibrils of collagen 


(COL) in cross and longitudinal section and contain elastic elements (EL). 


A somewhat 


collapsed capillary with a portion of endothelial cell (EN) is also seen. x 30,000. 
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(fig. 6). In other instances, it was sinuous 
and of considerable length. 

In 1 of the rats, occasional alveolar epi- 
thelial cells displayed pronounced and 
characteristic changes. The alterations oc- 
eurred apparently in the osmiophilic inclu- 
sions and were characterized by an increase 
in number of these bodies and by disinte- 
gration of their internal structure. In ad- 
vanced stages of the process, numerous 
sharply outlined vacuoles, containing rem- 
nants of an opaque substance, filled the 
major portion of the cytoplasm. The mito- 
chondria scattered among them did not 
seem to be appreciably involved. The af- 
fected cells either remained attached to 
the wall (fig. 9), or were found evidently 
free in the alveolar air space (fig. 10). 

Basement Membrane.—The alveolar epi- 
thelium and capillary endothelium were 
separated by a homogeneous membrane, the 
thickness of which varied from 27 my» in 
its thinnest parts to approximately 200 mz. 
The average thickness was estimated at 50 
my. Areas of lighter density and ill-defined 
linear condensations adjoining the epithe- 
lial cells could sometimes be discerned in 
thicker segments of the membrane. There 
was, however, no evidence of particulate 
or fibrillar internal organization. Near the 
interstices of the alveolar wall which con- 
tained abundant collagenous and elastic ele- 
ments (fig. 3), the basement membrane ap- 
peared to split and then followed the course 
of the epithelium and the endothelium. 

Capillary Endothelium.—The endothe- 
lium of the alveolar capillaries was con- 
tinuous and, in many structural aspects, 
resembled the epithelial lining. It consisted 
of prominent, elongated, nucleus-bearing 
cell bodies and their cytoplasmic exten- 


sions. The latter were usually very long 
and at some points attenuated to approxi- 
mately 10 mp (fig. 2). The nuclei were 
often indented and, generally, occupied 
most of the bulging part of the cell. The 
cytoplasm of both the cell body and the 
flattened extensions displayed mitochon- 
dria, a network of the endoplasmic retien- 
lum, and a few slender surface projections 
(fig. 2, 3, 5). A thin (approximately 50- 
75 A) plasma membrane which enveloped 
the endothelial cell showed, on occasion, 
small invaginations on the surface facing 
the basement membrane. At the junction 
of two cells, the cytoplasmic extensions 
were separated by a narrow cleft, well- 
delineated by two parallel plasma mem- 
branes (fig. 5). The junction appeared 
to form a direct connection between the 
lumen of the capillary and the basement 
membrane. 

Framework of Fibers—The supporting 
framework of the alveolar wall was repre- 
sented by fibrils of collagen and elastic 
fibers located in the interstitial spaces. The 
size and distribution of these spaces varied 
considerably. They were most prominent 
at the alveolar angles (fig..8) and in the 
vicinity of the alveolar sacs (fig. 11), and 
less common along the other segments of 
the wall. It seems apparent, however, that 
in a three-dimensional concept of the alveo- 
lus, the interstitial spaces, although fre- 
quently represented only by narrow chan- 
nels, are present in many parts of the wall. 

The fibrils of collagen (unit fibers of col- 
lagen 17) were uniform in structure and 
had an average diameter of 15 mp. When 
sectioned longitudinally, they sometimes 
showed a characteristic axial periodicity. 
The elastic fibers were represented by ir- 


Legends for Illustrations on Opposite Page 


Fig. 4—Epithelial cell stretched across the wall between two capillaries. 


Notice abrupt 


cytoplasmic attenuations, mitochondria, and osmiophilic bodies, some of which are partly 


vacuolated. Mitochondria show small opaque granules. 
CAP =capillary, RBC=red blood cell, EP=epithelial cell, EN = endothelial cell, 


(J). 


Boundary between endothelial cells 


M= mitochondria. x 22,000. 


Fig. 5—Detail of figure 4 at boundary (J). Junction between endothelial cells is represented 


by a narrow cleft delineated by two parallel plasma membranes. 
endoplasmic reticulum, BM= basement membrane. 


ER = tubular profile of 
x 65,000. 


Fig. 6—Boundary (J) between epithelial cells (EP). A narrow, sharply defined cleft ex- 
tends from the basement membrane (BM) to the surface. Endothelial cytoplasmic extension 


(EN) shows a slender projection. 


Linear condensation can be seen 


in the basement 


membrane. x 29,000. 
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regularly outlined but well-defined, homo- 
geneous structures of varying dimensions 
and of approximately the same density as 
the collagenous fibrils. 

Mesenchymal Cells——In addition to the 
collagenous and elastic elements, the inter- 
stices of the wall in proximity to alveolar 
saes and possibly at alveolar intersections 
oceasionally contained medium-sized cells 
with scanty cytoplasm and a relatively 
large nucleus. Some of these cells seemed 
to be embedded in a collagenous stroma 
(fig. 11); the others, located at alveolar 
angles, adjoined the epithelial and endo- 
thelial cells (fig. 12). In the latter instance, 
they often displayed long cytoplasmic pro- 
jections wedged between the endothelium 
and epithelium but separated from them 
by the basement membrane. 

The cells of this morphological type and 
location appeared to constitute an integral, 
interstitial element of the alveolar wall. 


DIscUSsSsION 


The evidence presented in this study 
points to the existence of a continuous epi- 
thelium in the pulmonary alveoli of the 
rat, and is in accordance with the findings 
of previous investigators. An alveolar epi- 
thelium of structurally similar character 
has been described in the lungs of other 
mammals and in the frog. 17, 30,34, 36 

The pulmonary alveolar epithelium of 
the rat consists of cells which show ap- 
preciable variations in morphological char- 
acteristics. Two principal variants were 
distinguished: the polygonal cells located 
in alveolar angles and the elongated forms 
disposed usually along the wall. The former 
cells displayed, in addition to numerous 
mitochondria and prominent microvilli, 
characteristic opaque, round, or ovoid 
bodies (osmiophilic inelusions) scattered in 


the cytoplasm. Such bodies were not seen 
in the elongated type of alveolar cell. Strue- 
tural differences between these two vari- 
ants were confined only to the perinuclear 
part of the cells ; the cytoplasmic extensions 
possessed identical morphological organi- 
zation. While the significance of these 
differences is not clear, it would seem rea- 
sonable to infer from the occurrence of 
transitional forms of epithelial cells that 
the variations in structure may reflect the 
influence of location rather than the diver- 
sity of function. This view, although en- 
tirely conjectural, seems to be supported by 
the common observation that under condi- 
tions of cellular stimulation; e.g., by viral 
and some other agents, apparently all vari- 
ants of epithelial cells hypertrophy and 
proliferate essentially to the same degree, 
often giving rise to the formation of a dis- 
tinct and uniform epithelial membrane. 
This process of ‘‘epithelialization’’ is strik- 
ingly illustrated in pulmonary adenomato- 
sis of sheep (jagziekte)* and in a number 
of viral *15.*5.26,41 and rickettsial! pneu- 
monias. The phenomenon of alveolar ‘‘epi- 
thelialization,’’ as observed with the light 
microscope, will be the subject of a separate 
communication. 

Morphological variants of the cells lining 
the pulmonary alveoli have been previously 
mentioned by Karrer !! and recognized by 
Policard et al.8? The latter authors de- 
seribed the alveolar epithelium as being 
composed essentially of small elements of 
the lymphocytic type with long cytoplas- 
mice extensions, and of larger cells which do 
not attenuate to take part in the formation 
of the lining but give rise, under pathologi- 
cal conditions, to vacuolated intra-alveolar 
cells. The presence of such large cells with- 
out cytoplasmic extensions was not revealed 
by this study. 


Legends for Illustrations on Opposite Page 


Fig. 7—Epithelial cell showing mitochondria (M), and partly disrupted osmiophilic in- 
clusions. x 32,000. 


Fig. 8—Disrupted osmiophilic inclusions (OI) and apparently normal mitochondria (M) 


in alveolar epithelial cell. 


x 20,000. 


Fig. 9—Epithelial cell contains numerous vacuoles showing the remnants of osmiophilic 


material. 


Extravasated erythrocyte is seen at top. 
endothelial cell. 


N = nucleus, M= mitochondria, EN = 
x 7,500. 


Fig. 10—A free alveolar epithelial cell showing numerous vacuoles, many of which contain 
osmiophilic material. A few mitochondria (M) can also be seen. x 10,500. 
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The mode of formation and functional 
significance of the osmiophilic inclusions 
are not clearly understood. Bargmann and 
Knoop ? thought that they represent a de- 
generate form of mitochondria. A view 
maintaining that these two structures dif- 
fer sufficiently in morphological character- 
istics to be regarded as separate entities 
was recently put forward by Schulz.** No 
transitional forms between mitochondria 
and osmiophilic inclusions were observed 
by the present authors in the normal lungs 
of the rat. In this connection, it is of inter- 
est that the degenerative processes in mito- 
chondria are characterized by swelling and 
disintegration of cristae,?1 or by vacuoliza- 
tion of the matrix and condensation of 
internal lamellae with the subsequent for- 
mation of opaque, transverse bands.*? The 
latter changes were found to be quite 
marked under conditions of hypoxia and 
increased oxygen tension.*°: 

The disruption of osmiophilic bodies was 
pronounced in occasional alveolar epithelial 
cells in one of the lungs studied. The in- 
volved cells showed a great number of 
vacuoles in which the remnants of pe- 
ripherally distributed osmiophilic material 
could often be observed. Mitochondria of 
apparently normal internal structure were 
seen scattered among the vacuolated areas. 
The significance of such vacuoles is not 
known. Macklin 7° suggested, in a paper on 
the mucoid film covering the pulmonary al- 
veoli, that the so-called ‘‘granular pneu- 
monocytes”’ serve as ‘‘the originators of the 
secretion which composes the film.’’ This 
worker also distinguished other forms of 
the alveolar epithelial cells: phagocytic and 
membranous. All three types were regarded 
by him as ‘‘specializations of the original 
entodermal epithelium of the lung.’’ 

Low and Sampaio !® were inclined to re- 
gard the alveolar epithelial cells as ento- 
dermal in origin, but denied that they pos- 
sess phagocytic powers. Phagocytosis of 
particles of gold, silver, mercury, and iron 
by alveolar epithelial cells has recently been 


described and supported by convincing 
pictorial evidence by Gieseking.’® The aun- 
thor demonstrated that the ingested parti- 
eles could be found principally in the 
vacuoles, and to some extent in the mito- 
chondria. Larger particles, such as carbon 
and crystals of hemosiderin, were shown 
by him to remain free in the cytoplas- 
mie matrix. The transformation of alveo- 
lar epithelial cells into macrophages has 
also been reported by Schulz.** 

Of considerable interest is the presence 
of cellular elements in the interstitial spaces 
of the alveolar wail. In the normal lung, 
these cells are quite sparse and, on ocea- 
sion, seem to be closely associated with 
collagenous fibrils (fig. 11). Their origin 
and functional properties are not clearly 
understood. Apparently identical cells have 
been described recently by Policard et al.” 
as histiocytes, and by Schulz *® and Giese- 
king * 1° as connective tissue elements. It 
is felt, however, that more evidence based 
on experimental procedures and on serial 
sections is needed to determine the true 
identity, especially of the cells located at 
intersections of the alveolar walls (fig. 12). 

In a random section, a cell belonging 
either to the endothelium of an adjacent 
eapillary or to the epithelium of an alveo- 
lus can appear isolated inside an alveolar 
septum and completely surrounded by a 
basement membrane. Accordingly, the eri- 
teria used in this work for identification 
of such cells are only tentative and based 
on the presence of long cytoplasmic proc- 
esses wedged between the epithelium and 
the endothelium. Further studies, now in 
progress, should provide more information 
on the character of these cells. 


SUMMARY 


Lung tissue from 10 albino rats was 
fixed for 30 minutes in a 1 per cent 
buffered solution of osmium tetroxide, de- 
hydrated in ethyl alcohol of ascending 
grades, and embedded in methacrylate. 
After polymerization under ultraviolet 


Legends for Illustrations on Opposite Page 


Fig. 11—A free segment of the alveolar septum. Notice large tissue space containing a single 
mesenchymal cell (MC), numerous collagenous fibrils (COL), and opaque, elastic elements 


(EL). A mononuclear leukocyte (L) is present in the capillary. 


x 9,500. 


Fig. 12—Intersection of alveolar septa showing endothelial cells (EN), capillary lumen 
(CAP), epithelial cell (EP) with mitochondria and osmiophilic inclusions, and presumably 


a mesenchymal cell (MC) surrounded by basement membrane (BM). 


x 9,500. 
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light for 36 to 48 hours, the specimens were 
sectioned by means of a Sjostrand ultra- 
microtome and examined with an RCA, 
EMU 3c electron microscope. 

This study indicates that the pulmonary 
alveolar wall consists of epithelium, base- 
ment membrane, capillary endothelium, 
and a supporting framework of fibers. In 
addition, the interstices of the wall, in 
which the collagenous and elastic fibers 
are present, contain occasional cellular ele- 
ments designated as mesenchymal cells. 

The epithelium of the alveoli is con- 
tinuous and composed of cells which possess 
long and tenuous cytoplasmic extensions. 
These attenuated processes form the major 
part of the epithelial lining. Two main 
variants of alveolar epithelial cells are ree- 
ognized: (1) polygonal cells, the main 
body of which is located in the niches of 
alveoli, and (2) elongated forms, disposed 
usually along the open segment of the wall. 
The perinuclear cytoplasm of the former 
type displays numerous osmiophilie inclu- 
sions with a laminated internal structure. 
A junction between two adjoining epithe- 
lial cells is represented by a narrow cleft 
delineated by two parallel plasma mem- 
branes. Structurally identical boundaries 
exist between the endothelial cells. 

The capillary endothelium is also con- 
tinuous and attenuated in a manner similar 
to that observed in the alveolar epithelium. 
The endothelial and the epithelial linings 
are separated by a homogeneous and unin- 
terrupted basement membrane. 
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Activity in Milk of a Mastitis-Producing Staphylococcus, a 
Coliform Organism, and Streptococcus Agalactiae 


NORMA A. FRANK, M.S.; W. D. POUNDEN, D.V.M., Ph.D.; 
C. R. WEAVER, Ph.D.; L. O. GILMORE, Ph.D. 


Wooster, Ohio 


PREVIOUS WoRK has shown that milk varies 
in its ability to resist the action of Strepto- 
coccus agalactiae.-* The procedure of ex- 
posing milk samples to the action of Str. 
agalactiae and measuring their relative 
resistance has not been considered a test 
for resistance of the cows to mastitis. The 
observations, however, have had value in 
drawing attention to factors which may be 
influencing manifestations of this disease 
complex. They helped materially, for in- 
stance, in developing the study which dem- 
onstrated a greater tendency for attacks to 
oceur in cows fed freshly cut legume-grass 
forage, as opposed to feeding it as silage.* 

This report concerns a procedure used 
to explore variation in milk samples to 
the action of two other mastitis-producing 
bacteria, staphylococci and coliform organ- 
isms. The relative ability of samples to 
‘‘poise’’ or maintain an oxidation-reduc- 
tion (O/R) equilibrium against the reduc- 
ing action of these organisms formed the 
basis of the method. During preliminary 
studies leading to the use of this procedure, 
the O/R potentials of numerous milk sam- 
ples were determined. There appeared to 
be some influence on these during the 
change of cows to pasture and, conse- 
quently, data on this aspect also are 
presented. 


MATERIALS AND METHODS 


Quarter milk samples were collected weekly from 
Holstein-Friesian and Jersey cows. All animals 
were selected on the basis of freedom from mas- 
titis and having recently freshened. In order to 
maintain a continuity of the experiments from 
year to year, it was necessary to substitute ani- 
mals as time passed. Two groups of cows were 
used. Group 1 contained an average of 12 lac- 
tating cows. Cows in this group were fed the 
usual winter ration of relatively good quality 
legume-grass hay, grain, and either forage crop or 
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corn silage. Pasture was provided in season, along 
with moderate quantities of grain. Group 2 con- 
tained an average of only 5 lactating cows. These 
animals were given dry feed alone consisting of 
medium to poor quality mixed hay and grain. 

The milk samples were collected aseptically in 
the morning within two hours after the animals 
were milked. Separate portions of each sample 
were used for inoculation with each of the three 
cultures—a Staphylococcus, a coliform organism, 
and Str. agalactiae. These cultures had been iso- 
lated from udders during attacks of mastitis. The 
Staphylococcus was a strain that produced rela- 
tively wide zones of alpha and beta hemolysis and 
was coagulase positive. The coliform organism 
was Escherichia coli, based on its biochemical re- 
action. The Str. agalactiae was the same strain 
used in previous work.’ 

In setting up the Staphylococcus and coliform 
tests, 0.25 ml. of a sterile 1:1,000 aqueous solu- 
tion of methylene blue chloride and 10.0 ml. of 
milk were used. The dye was put in sterile test 
tubes and followed by the addition of the milk. 
The procedure for Str. agalactiae used brom ecresol 
purple and was conducted as previously described.’ 
To inoculate the tubes with the staphylococci and 
coliform organisms, a loop (3 mm. inside diameter 
of 24-gauge wire) of 24-hour dextrose broth cul- 
ture was used. The tubes were then placed in the 
ineubator and hourly readings were made for eight 
hours to check the rapidity with which the dye was 
reduced, as shown by the loss of the blue color. 
Changes in this respect were recorded by using 
ratings. These were determined arbitrarily by 
assigning figures of 1+ to 4+. A tube which had 
as much as a definite white streak down one side 
was given a 1+ rating. When the solution had 
turned approximately half white, it was given a 
2+ rating; when three fourths became white, 3+; 
and where all the blue had disappeared, a 4+ rat- 
ing. In practice, the initial change of 1+ or more 
was found to be the most suitable for making com- 
parisons and, thus, is the one used in this report. 
Tests which failed to undergo any loss in color 
within the eight-hour observation period were 
assigned a figure of ten hours for calculation 
purposes. 

In determining O/R potentials of milk samples, 
a pH meter* and a gold electrode, thimble style,? 


* Beckman pH meter, model H, series 1088 and 
+ Beckman gold electrode, thimble style, model 1275, 
manufactured by Beckman Instruments Inc., South Pasa- 
dena, Calif. 
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were used. The procedure followed was that RESULTS 

outlined in the bulletin supplied by the manu- The trend of the number of hours re- 

facturer. The reading point used was that exist- ined Staphyl t d th 

ing five minutes after putting the electrode in the 

milk. This interval was chosen because ‘drifting itial change in color is shown in graphic 
form by monthly averages for the two 


generally had reached a practical minimum by . 
then. groups of cows (graph 1). The periods 
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Graph 1—Monthly averages of (1) the hours required by a Staphylococcus and a coliform 
organism to reduce the oxidation-reduction potential of milk samples as shown by loss of color 
of methylene blue, and (2) the milliliters of NaOH required to neutralize acid produced in 
similar samples by Streptococcus agalactiae. The notations concern the median and significant 
runs of monthly average serial readings above and below it. The cows in group 1 were fed 
hay, grain, and silage or pasture in season and those in group 2 were fed hay and grain alone. 
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when reduction occurred most rapidly in 
samples from cows in group 1 that were 
fed hay, grain, silage, or pasture in sea- 
son were June and July of 1954, May, 
June, and July of 1955, and June of 1957. 
In December, 1955, and in the months be- 
fore and after it, a shorter reduction time 
was also encountered, but it was not so 
pronounced. The averages of the cows in 
group 2, fed dry feed only, closely followed 
those in the other group most of the time. 
However, a tendency existed for their 
monthly averages to be the reverse of those 
in group 1 during part of the winters of 
1954-1955, 1955-1956, and 1957-1958 
(graph 1). 


was relatively suitable for, or lacked re. 
sistance to, activity by the three organisms, 
Opposed to this, the results in August, 
1955, showed that while the milk samples 
were fairly resistant to the action of Sta- 
phylococeus and the coliform organism, 
they were relatively lacking in resistance 
to Streptococcus. 

To detect whether or not the fluctuations 
in the data were random, several statisti- 
eal tests were applied using the numbers 
of the runs’ consecutive monthly averages, 
Tests of this nature are commonly applied 
in statistical quality control procedures, 
The medians were established and the total 
number of runs counted that contained a 


TABLE i—Runs of Consecutive Monthly Average Determinations Obtained for Three Meas- 
ures of Activity of Three Mastitis-Producing Bacteria in Milk Samples from Two Groups 
of Cows, One Fed Mixed Rations of Hay, Grain, and Silage or Pasture in Season and the 


Other Fed Dry Feed Only, Composed of Hay and Grain 


Str. 


Staph. Esch. 
aureus coli agalactiae 
ltem Mixed Dry Mixed Dry Mixed Dry 
Median 8.05 8.05 6.05 6.05 2.6 2.3 
No. observations 50 48 42 40 40 46 
No. runs ts 15* 10* 14* 15* 13* 
Longest run 
Over median 107 12* 13* 6 5 5 
Under median 7 9 8 10* 6 8 
Longest run 
up or down 5 4 6+ 4 3 5 
* Significant at 0.01; + significant at 0.05. 
The tendency was for the coliform or- minimum of seven consecutive monthly 
ganism reduction periods to be shorter in averages. In every case, with one excep- 


time than those of Staphylococcus and for 
the test results to often follow similar 
trends (graph 1). For example, the length 
of time required for reduction of the dye 
was short in both tests in May, June, and 
July of 1955 and June of 1957. However, 
there were numerous times when this was 
not so, and greater fluctuations in monthly 
averages seemed to be the rule during the 
later years. 

The measure used in the Str. agalactiae 
test was the ability of the milk samples 
to resist acid production by the strepto- 
cocci. A review of the results obtained in 
this test on parts of the same samples used 
in the other two tests showed tendencies 
for these to follow trends in resistance 
similar to those obtained for the other 
organisms (graph 1). For example, this 
was true for the averages for June, 1957, 
when acid production by Str. agalactiae 
was high and reduction times short in 
the other two tests, all indicating the milk 


tion, the total number of runs was less 
than one would expect by chance (1 time 
in 100). In the exception, the probability 
was less than 0.05.9 This test indicated 
that nonrandom influences were at work. 

The longest runs above and below the 
median were counted and are given (table 
1) along with appropriate significance no- 
tations.” Following the quality control pro- 
cedure of accepting runs of seven or more 
as indicative of a significant trend, runs of 
seven or more have been indicated (graph 
1). They may serve as an aid in selecting 
times in which nonrandom influences might 
be operating. 

When weekly results of the Staphylo- 
eoceus tests were examined, it was ob- 
served that losses by the milk samples in 
resistance to the activity of these organ- 
isms sometimes occurred on turning cows 
on pasture in similar manner to that ob- 
served for Str. agalactiae. A comparison 
of four years of weekly averages showed 
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Staphylococci Activity in Milk 


Pasture Dry Feed 


4 Pasture Date 
10 . — 1058 


hours 


I0 0 30 36 «40: o 6s a 30 35 40 


days days 
Graph 2—The average number of hours required by a Staphylococcus to reduce the oxidation- 
reduction potential of milk samples as shown by a loss of color of methylene blue before and 
after a group of cows was changed from rations of hay, grain, and silage to pasture and 
another group that was fed hay and grain throughout the experiment. 


that in one year (1955) a marked drop in’ cows that did not go on pasture showed 
reduction time occurred within two days less change (graph 2), although in 1955 
after the animals went on pasture (graph rather erratic results were obtained in the 


In two other years (1957 and 1958), weekly results just prior to the pasture 


a drop in the reduction time was observed date. 

in the tests two weeks after the animals Tendencies for changes in resistance in 
were turned to pasture. The resistance the weekly coliform organism tests that 
level increased somewhat after the initial could be associated with the change to pas- 
drop. In 1956, no lowering occurred. Sam- ture were not discernible (graph 3). The 
ples collected during the same period from erratic nature of the test results for both 


Coliform Activity in Milk 


Pasture Dry Feed 
Pasture 
Date 
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Graph 3—The average number of hours required by a coliform organism to reduce the oxida- 

tion-reduction potential of milk samples as shown by a loss of color of methylene blue before 

and after a group of cows was changed from rations of hay, grain, and silage to pasture and 
another group that was fed hay and grain throughout the experiment. 
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groups of samples may have partly cov- 
ered up a limited effect. 

The O/R potentials of 48 milk samples 
from 12 cows were measured weekly in 
1954 during the weeks immediately prior 
to and after the time animals went to pas- 
ture. Generally, the range of the figures 
obtained were in line with those reported 
by Jackson.1 The averages and ranges had 
been relatively constant from week to 
week until the animals were changed from 
winter feed to pasture. The average meas- 
urements made the week following change 
to pasture were lower (table 2). During 


monthly average times required for redue- 
tion of the Staphylococcus and coliform 
organism tests were encountered in June, 
the time when acid production was at its 
highest in the Streptococcus tests. 

The manner in which the milk reacted 
to the presence of the organisms from one 
period to another appeared to resemble 
some of the manifestations of mastitis in 
dairy herds. This refers to the tendency 
for marked increases of the problem to 
occur in some herds during limited periods, 
for example, as those mentioned in a pre- 
vious report.§ 


TABLE 2—Oxidation-Reduction Potentials (Millivolts) Obtained on Quarter Milk Samples 
Collected Weekly from 12 Dairy Cows Before and After Change from Winter Rations to 
Pasture on April 16, 1954 


Date 
Item 4/8 4/15 4/23 4/29 5/6 5/13 5/27 6/2 
Average 238.49 235.87 227.00 234.76 231.11 233.99 "229.99 229.90 
Range 224.55 224.30 213.80 222.65 225.05 223.3 219.05 218.3 
to to to to to to to 
245.3 250.55 241.55 243.05 234.8 241.8 247.3 241.8 


the three weeks following, the average 
measurements tended to return to the same 
level as during the prepasture period. 


Discussion 


These tests can not be considered as 
measures of resistance to mastitis any more 
than can the procedure used with Str. 
agalactiae. However, they provide oppor- 
tunity to observe environmental factors 
which, because they apparently influence 
the test results, may be desirable to study 
further as possible factors having influ- 
ence on the disease. 

The tendency for the milk samples to 
become reduced more rapidly by the organ- 
isms during three of four summers, par- 
ticularly in cows on pasture, may indicate 
influences were present which were asso- 
ciated with the feed. However, the vary- 
ing trends of the samples from the two 
groups of animals on different rations 
were sufficiently similar in some periods 
to indicate that factors other than those 
associated with feed were probably also at 
work either on the animals or on the 
testing procedure. Factors capable of in- 
fluencing the relationships between the 
milk of the cows fed regular herd rations 
and the bacteria used in these three tests 
apparently reached an unusual intensity 
in the early summer of 1957. The lowest 


Exposure of the samples to air during 
collection and conduct of the challenge 
might be considered as getting away from 
actual conditions in udders and could be 
sufficient to influence the results of the 
tests. However, as the test is one of ‘‘pois- 
ing,’’ this should not have a significant 
effect. Furthermore, the difference between 
anaerobically and aerobically collected 
samples as far as their ability to bring 
about loss of the color of methylene blue 
may not be as much as might be concluded 
from reports in the literature.1:1° Data in 
these reports which indicate that methyl- 
ene blue loses its color when milk is drawn 
anaerobically are not in agreement with 
numerous observations of ours, except in 
the case of abnormal udder secretions and 
milk from some cows going dry. 


SUMMARY AND CONCLUSIONS 


A method for exploring variations in 
milk samples to the action of Staphylo- 
coccus and coliform organisms is described. 
It consists of adding methylene blue to the 
samples, inoculating them with freshly 
prepared cultures of the organisms and ob- 
serving the length of time required to pro- 
duce a loss of the blue color. Samples from 
two groups of cows were used. One group 
contained an average of 12 animals which 
were fed rations of hay, grain, and silage 
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or pasture in season. The other group 
averaged 5 cows, fed hay and grain only. 

Variations were observed in the monthly 
averages of the number of hours needed to 
produce color changes. The number of 
hours needed tended to be less during the 
summers, though not always so. This was 
particularly noticeable in the month of 
June in one of the five years. During the 
same month, a similar lowering of the 
resistance of milk samples to Streptococcus 
agalactiae was shown, using acid produc- 
tion as the measure. Statistical analysis 
of the data indicated some of the varying 
trends in monthly averages were quite 
significant. 

When the cows were first turned out to 
pasture, a tendency existed in some of the 
years for the milk samples to temporarily 
lose their resistance to the Staphylococcus. 
Oxidation-reduction potentials of the sam- 
ples collected one year also were noticed 
to undergo a temporary reduction when 
cows went to pasture. 

Although these tests can not be consid- 
ered measures of resistance to mastitis, 
they provide an opportunity to observe 
environmental factors which, because they 
apparently influence the test results, pro- 


vide leads on what may influence the course 
of the disease. 
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The Morphology and Sporulation of the Oocyst of 
Eimeria Brasiliensis, Torres and Ildefonso 
Ramos 1939, of Cattle 


WILLIAM C. MARQUARDT, Ph.D. 


Bozeman, Montana 


Arter the description of Eimeria brasili- 
ensis by Torres and Ildefonso Ramos * in 
1939, only occasional references were made 
to this species. Boughton! included it as 
one of the ten valid species of bovine coc- 
cidia, and Davis and Bowman ® stated that 
it was seen in cattle in Alabama. Rao and 
Hiregaudar® ineluded £. brasiliensis 
among the species of bovine coecidia occur- 
ring in India. Lee and Armour ® compared 
it, as seen in Nigerian cattle, to the original 
description. 

Eimeria brasiliensis was observed in 
fecal samples from cattle in Montana in 
1954,* and the species has been seen on 
several additional occasions. It is the pur- 
pose of this paper to call attention to this 
species and to describe its oocysts more 
completely. 


MATERIALS AND METHODS 

In October, 1957, 5 newly weaned, crossbred 
Aberdeen Angus and Hereford calves were ob- 
tained from a ranch near Three Forks, Gallatin 
County, Mont. The calves were housed in a corral 
at this laboratory, and a total of 194 fecal samples 
were examined during the fall and winter for the 
number and species of coccidia. Eimeria brasili- 
ensis was identified in eight samples of feces from 
2 calves. All the observations reported here were 
made on the EZ. brasilensis organisms found in 
these samples; the observations are consistent 
with less extensive ones made previously here. 
Length and width measurements were made on 49 
specimens, polar cap measurements on 20, sporo- 
plasm measurements on 28, and sporocyst meas- 
urements on 9. 

Since the number of EZ. brasiliensis appearing in 
the feces was 56 per gram or less, most observa- 
tions, photographs, and drawings were made on 
oocysts concentrated by cover slip flotation in 
sugar solution. Figure 3 shows a slightly ecom- 
pressed individual photographed in a water-wet 
mount. Figure 1 shows outlines drawn from photo- 


Paper No. 435, journal series, from the Montana Vet- 
erinary Research Laboratory (Montana Agricultural Ex- 
periment Station and Montana Livestock Sanitary Board 
cooperating), Agricultural Experiment Station, Montana 
State College, Bozeman. Dr. Marquardt is assistant para- 
sitologist at Montana State College. 

* By Dr. ©. M. Senger, formerly with this laboratory, 
now at Montana State University, Missoula. 


graphs. Figure 2 includes only the details which 
could be seen in the oocyst from which it wags 
drawn. 

Oocysts were removed from fecal debris by 
flotation in sugar solution, and subsequently were 
washed by centrifugation to remove the sugar, 
Sporulation trials were carried out in 1 to 2 ‘per 
cent potassium bichromate at 20 and 30C. 

Oocysts were examined in both bright-field and 
phase-contrast microscopes with apochromatie ob- 
jectives. Photographs 3 through 6 were taken in 
bright-field illumination. 


DESCRIPTION OF EIMERIA BRASILIENSIS 


Measurements.—The outer shell, includ- 
ing polar cap, measured 37.7 » (32-40 p) 
by 25.1 » (23-27.5 »). The wall was 1.5 to 
2.0» thick, and the length: width ratio was 
1.50:1.0. Fresh sporoplasm measured 26.5 p 
or more (up to the complete filling of the 
oocyst); after 48 hours at 20C. it was 
21.9 Sporoeysts were 18.2 by 7.9 

Shape.—The oocyst was elliptical, with 
relatively straight sides curving sharply 
near the poles. The impression was fre- 
quently given that the greatest diameter 
was closer to the micropyle than the center 
of the oocyst (fig. 6). 

Wall.—The wall of the oocyst was clear 
and homogeneous. It was of a yellow or 
greenish appearance in apochromatiec ob- 
jectives and was somewhat thicker at the 
micropyle end (fig. 4, 5). The micropyle 
was about 4 » in diameter (fig. 5). 

Polar Cap or Operculum.—The size aver- 
aged 7.1 by 1.6 » (4.0 by 1.5 to 9.0 by 2.3). 
This structure was colorless and either 
rounded or nearly flat on top (fig. 2-6), 
and was frequently somewhat askew (fig. 
6). It was seldom absent; only 2 oocysts 
which lacked the polar cap were identified 
as E. brasiliensis. 

Subpolar Body.—The subpolar body 
(‘*tenue residual body’’ of Torres and 
Ildefonso Ramos *) was present in unspor- 
ulated specimens and appeared much like 
the polar cap; it was transparent and color- 
less. The size and shape varied; the sub- 
polar body was either relatively small and 
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reniform (fig. 3), appeared like a cluster 
of grapes (fig. 5), or was rather diffuse 
and shapeless (fig. 4). It was frequently 
lacking or reduced in size in sporulated 
oocysts. Strands originating in the sub- 
polar body were frequently seen. The 
oocyst from which figure 2 was drawn 
showed these strands clearly. 

Sporulation—In the freshly passed 
oocyst, the sporoplasm filled it laterally 
and varied in length from 26.5 » to com- 
plete filling of the oocyst. After holding 
oocysts for 48 hours at 20C., the sporo- 
plasm was observed to have shrunk to 
21.9 » in diameter. After 120 hours at 
20 C., it was 20.0 », and after 168 hours, it 
was 19.2 win diameter. 

During this process of maturation, before 
any segmentation was seen, the appearance 
of the protoplasm changed from a fine, 
homogeneous granulation (fig. 3,4) to one 
that was rather coarse (fig. 5). The gran- 
ules in the protoplasm appeared to be 
larger, and the periphery of the sporoplasm 
had a large number of clear vacuoles, about 
3 » in diameter. There were few or no 
vacuoles in the center of the protoplasm 
(fig. 5). Segmentation was first observed 
after 96 hours at 30°C. and 192 hours at 
20 C. Elongation of the sporocysts was first 
seen after 120 hours at 30 C. 

Completion of the process of sporulation 
was difficult to observe. By the 120th hour 
at 30 C., the spores had reached their final 
size, but the ends of the sporocysts were not 
completely filled with the granular portion 
of the protoplasm, an indicator of imma- 
turity. 

The Sporulated Oocyst.—The sporocysts 
averaged 18.2 by 7.9 » in size and had a 
slight thickening at the more pointed end 
(fig. 3,6). Within the sporocyst, lying near 
its center, was a residual body which meas- 
ured 4 to 5 w. The spores themselves were 
difficult to see in the intact oocyst. In 
sporocysts which were released through 
mechanical rupture of the oocyst walls, the 
spores lay in the ends of the sporocysts. 
Each spore had, in addition to the nucleus, 
one to three clear vacuoles. The nucleus 
itself was inconspicuous, even in phase 
contrast, and was about 3 yw in diameter. 
It was distinguished from the vacuoles by 
its relative obseurity and by granules which 
lay near the nuclear membrane. The sub- 
polar body was sometimes reduced in size 
or absent in the sporulated oocyst. 


A B C D E 
Fig. 1—Relative size and shape of morphologically 


related oocysts. A and B show E. canadensis; C 
and D show E. brasiliensis. E shows E. auburnensis. 


DIFFERENCES FROM CLOSELY 
RELATED OocystTs 


Eimeria bukidnonensis (36.6 by 26.7 »)? 
averages almost the same size as E. brasili- 
ensis; however, the thick, brownish outer 
wall of E. bukidnonensis which tapers 
sharply toward the micropyle can be clearly 
seen under low magnification. Eimeria 
auburnensis (38.4 by 23.1 »)* is longer and 
narrower than EZ. brasiliensis, and gradu- 
ally tapers toward the micropyle (fig. 1E). 
In those specimens which do not taper, 
identification depends on its uniformly 
thick wall and lack of a polar cap. 

The absence of a polar cap and subpoiar 
body is the simplest means of separating 
Eimeria canadensis from E. brasiliensis. 
While E. canadensis (32.5 by 23.4 p)? is 
somewhat smaller than EZ. brasiliensis, their 
general shapes are similar (fig. 1A-D). 
The outer shell of EZ. canadensis is thickest 
at the pole opposite the micropyie, while 


nucleus 


Fig. 2—Sporulated E. brasiliensis. 
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Fig. 3—Freshly passed E. brasiliensis photographed in water-wet mount, and slightly 
compressed. 


Fig. 4—Freshly passed. Notice finely granular protoplasm. 


Fig. 5—The sporoplasm, 48 hours after being passed, has become reduced in size and numerous 
vacuoles lie at its periphery. 


Fig. 6—Sporulated. In the sporocyst at the left, the pointed end is up and the slight thickening 
of the end can be seen. The polar cap is askew. 
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in reaction rates seen in other biological 
systems. The sporulation times reported 
for EF. brasiliensis and for E. béhmi are 
consistent with one another, and there is no 
reason to consider that more than one spe- 
cies is involved. 

The occurrence of this species of bovine 
eoecidium in Brazil, India, Austria, Ni- 
geria, and in Alabama and Montana in the 
United States, indicates a cosmopolitan dis- 
tribution. Each of the areas has a climate 
distinctly different from any of the others, 
and there is therefore reason to believe that 
E. brasiliensis will be found wherever cattle 
are raised. 

SUMMARY 


1) Eimeria brasiliensis Torres and Ilde- 
fonso Ramos, 1939, of cattle was reported 
from Montana, and the structure and 
sporulation of its oocyst compared to the 
original description. 

2) Eimeria béhmi Supperer, 1952, is 
considered synonymous with E. brasili- 
ensis. 


3) Himeria brasiliensis has been re. 
ported in Brazil, India, Austria, Nigeria, 
and in Alabama and Montana in the United 
States. It would appear that this species 
has world-wide distribution. 
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Evaluation of the Hemolytic Test in Canine 
and Bovine Leptospirosis 


C. D. COX, Ph.D. 


Vermillion, South Dakota 


A PREVIOUS REPORT from this laboratory 4 
described a hemolytic (HL) reaction which 
involved the ability of leptospiral extracts 
to sensitize sheep erythrocytes to hemolysis 
in the presence of anti-leptospiral serum 
and complement. Subsequent reports have 
described the preparation of HL antigen 
from Leptospira biflera,? the standardiza- 
tion and stabilization of the antigen and its 
use in the HL test,” and have evaluated the 
use of the HL test in human leptospirosis.* 

Recently, the HL antigen has been sero- 
logically investigated.* The evaluation stu- 
dies demonstrated generic specificity of the 
HL antigen, as well as its marked sensitivity 
with rabbit and human antiserums and sug- 
gested that currently used microscopic ag- 
glutination (MA) tests could be advantage- 
ously supplanted by the HL procedure in 
the serodiagnosis of human leptospirosis. 

As a result, some interest has been gen- 
erated concerning the possible application 
of the HL test to various animal serums, 
especially bovine and canine serums. A\l- 
though the author does not personally have 
access to such serums, various colleagues 
have supplied canine and bovine serums 
from a relatively small number of experi- 
mentally infected animals and a fairly large 
number of randomly selected bovine se- 
rums. This report describes comparative 
HL and MA titrations on these serums. 


MATERIALS AND METHODS 


Unless otherwise stated, MA tests were per- 
formed in this laboratory following the method 
of Gochenour,’ except that serums were decimally 
diluted. The HL tests were performed on canine 
serums as previously described for use with human 
serums;* however, initial attempts to apply the 
HL test to bovine leptospirosis yielded titers which 
were disappointingly low in comparison with MA 
titers. 

Considerable increase in sensitivity was achieved 
by the addition of 1 per cent (final concentration) 
human plasma fraction V to the veronal used as 
complement diluent. Some additional inerease in 
sensitivity was obtained by using 128 units of HL 


From the Department of Microbiology, School of Medi- 
cine, State University of South Dakota, Vermillion. 


antigen in place of the 16 used for human serums. 
Bovine serum albumin was less active than human 
plasma fraction V in enhancing sensitivity with 
bovine serum. 

The use of these two modifications gave HL sen- 
sitivity with bovine serums approaching that ob- 
tained with human serums. Therefore, all bovine 
serums were HL-tested using the originally de- 
seribed HL procedure,” except for the incorporation 
of human plasma fraction V in the complement 
diluent and the increased amount of antigen. 


PROCEDURE AND RESULTS 


The HL and MA titrations were compared 
on serums from 13 dogs experimentally in- 
fected with Leptospira icterohaemor- 
rhagiae.* Available serum samples were 
collected before infection and at weekly 
intervals for three weeks after infection. 
The average MA and HL titers reached a 
peak at comparable levels at the end of the 
first week after infection, but HL titers 
seemed to decline at a faster rate thereafter 
(table 1). 


TABLE 1i—Microscopic Agglutination (MA) and 
Hemolytic (HL) Antibody Responses of 13 Dogs 
Experimentally Infected with Leptospira Ictero- 


haemorrhagiae 
Titer reciprocals 
MA HL 
Days after Geometric Geometric 
infection Average mean Average mean 
7 9,300 5,000 10,350 3,200 
14 9,200 5,600 2,400 1,000 
21 5,200 3,400 1,800 800 


Comparative HL and MA titrations were 
performed on serums from 8 calvest ex- 
perimentally infected with Leptospira sej- 
roe. From average comparative titers (ta- 
ble 2), it may be seen that a peak occurred 
in the MA titers on the eleventh to sixteenth 


* These serums were made available and MA titrations 
were performed by L. C. Murphy and A. D. Alexander, 
Division of Veterinary Bacteriology, Walter Reed Army 
Institute of Research, Washington, D.C. 

+ These serums were made available and MA titrations 
were performed using homologous antigen by Mildred 
Galton, CDC Laboratories, Chamblee, Ga. 
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day and in the Hu titers on the eleventh 
day. However, the average HL titers de- 
creased more rapidly after reaching their 
peak than did ma titers. 

The distribution of HL titers by Ma titers 
on 653 randomly selected bovine serums** 
is presented (table 3). Most of these ani- 
mals came from central South Dakota. The 
MA test was performed with Leptospira 


TABLE 2—Microscopic Agglutination (MA) 


respect to reactivity with MA or HL testing 
procedures. 


Discussion 


The HL titers reached maximum levels as 
high as MA titers in the serums from experi- 
mentally infected dogs and calves, but ar 
titers decreased at a more rapid rate. Al- 
though individual serum titrations are not 


and Hemolytic (HL) Antibody Response in 8 


Calves Experimentally Infected with Leptospira Sejroe 


Titer reciprocals 


MA HL 

Days after No. of Geometric Geometric 
infection serums Average mean Average mean 
0-4 15 <16 
6-8 7 430 160 390 200 
11 5 2,460 1,600 10,600 2,500 
12-13 7 3,086 1,000 2,030 720 
14-16 6 3,670 1,600 700 400 
18-23 8 1,220 800 540 200 
27-33 10 170 135 150 20 
85-47 8 104 250 47 21 


pomona antigen. The percentage of total 
serums showing MA and HL reactions at dif- 
ferent levels of sensitivity show good agree- 
ment. It is interesting to calculate from 
this table that 17.5 per cent (114) of the 
serums showed titers of less than 1:10 by 
both tests, and slightly over 59.0 per cent 
(386) showed reactions of 1:10 or higher 
to both tests, making an additive general 
agreement of 76.6 per cent. Those serums 
showing disagreement represented 23.4 per 
eent (153), of which 11.6 per cent (76) 
had ut titers of 1:10 or higher and Ma 
titers of less than 1:10, and 11.8 per cent 
(77) had ut titers of less than 1:10 and 
MA titers of 1:10 or higher. Thus, these 
serums were about equally divided with 


** These serums were made available by W. F. Wad- 
dell, federal veterinarian in Pierre, S. Dak. 


shown, in neither group of animals was 
this more rapid decrease due to HL-anergic 
animals. Rather, the average decrease re- 
flected general decrease by individual se- 
rums. This more rapid decrease in HL titers 
is contrary to previous comparative HL and 
MA titrations in human leptospirosis,? and 
may account in part for the 23 per cent 
disagreement in randomly selected bovine 
serums. 

The HL and Ma titers showed fairly close 
agreement (77%) with 653 randomly se- 
lected bovine serums. Those showing dis- 
agreement (23%) were about equally di- 
vided with respect to reactivity with each 
test. Those which were MaA-reactive and 
HL-nonreactive could indicate infections in 
the more distant past, since evidence is 
presented for the more rapid decrease in 


TABLE 3—Distribution of Hemolytic (HL) Titers by Microscopic Agglutination (MA) Titers 
on Randomly Selected Bovine Serums 


Distribution by HL titers (reciprocals) 


in numbers Sine 
MA titer <10 10 100 1,000 10,000 or 
(reciprocals) higher (No.) (%) 
<10 114 28 34 9 5 190 29 
10 22 17 24 ¥ 0 70 11 
100 18 19 26 10 2 75 12 
1,000 17 14 33 30 27 121 18 
10,000 or 
higher 20 16 49 75 37 197 30 
Total No 
of serums 191 94 166 131 71 653 
Per cent of total 29 14 26 20 
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HL titers in calves and dogs. Those which 
were HL-reactive and MA-nonreactive could 
indicate infections with serotypes other 
than L. pomona (the ma testing antigen), 
since the MA reaction is type-specific.® 

It has been previously reported that it 
is necessary to employ a battery of 17 or 
more different antigens in order to insure 
detection of agglutinins that may be pro- 
voked by 60 or more different leptospiral 
serotypes.* The HL antigen has been pre- 
viously shown to be genus-specific when 
tested against rabbit and human anti- 
bodies,* and additional evidence is here pre- 
sented in the reactivity of HL antigen with 
eanine antibodies against L. icterohaemor- 
rhagiae and with bovine antibodies against 
L. sejroe and probably L. pomona. 

Final resolution of the significance and 
clinical importance of HL titers in canine 
and bovine serums must obviously await 
more extensive studies; however, present 
studies on a relatively small number of ani- 
mals would seem to indicate potential use- 
fulness of the HL procedure in canine and 
bovine leptospirosis and to warrant more 
extensive investigations by others. 


SUMMARY 


Hemolytic (HL) and microscopic agglu- 
tination (mA) antibody titers reached peaks 
at comparable levels and times in serums 
from 13 dogs experimentally infected with 
Leptospira icterohaemorrhagiae and 8 
calves experimentally infected with Lepto- 
spira sejroe. However, HL titers decreased 
at more rapid rates than ma titers. Com- 
parative HL and MA titrations on 653 bo- 
vine serums showed 77 per cent general 
agreement. Possible significance of these 
findings is discussed. 
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Colonic Intussusception in the Mouse 


W. F. HOLLANDER, Ph.D. 


Ames, Iowa 


IN CONNECTION with a radiation-genetics 
project with mice at this laboratory, 14 
mice with cases of fatal colonic intussus- 
ception have been encountered. Since in- 
tussusception of any sort has apparently 
never previously been reported in this 
species (Mus musculus),**> the cireum- 
stances may be of general interest. 


History AND CLINICAL SIGNS 


The first case was found Dec. 19, 1955. 
The mouse was a mature (6 months old) 
black-and-tan male of crossbred origin. 
Previously he had been healthy and vigor- 
ous, but on this date he showed cachexia, 
with a slight bloody exudate from the anus. 
The animal was therefore killed for nec- 
ropsy. The only abnormal condition found 
was intussusception, the anterior portion 
of the colon having been drawn into the 
posterior. 

During the ensuing three years, 13 addi- 
tional mice with colonic intussusception 
have been found, all descendants of this 
male and of his sibs. The origins and re- 
lationships of these mice are outlined in 
the pedigree chart (fig. 1). More cases no 
doubt escaped recognition, since examina- 
tions were not made daily and decompos- 
ing specimens were not dissected. 

Of the 14 mice with recognized cases, 6 
were males, varying in age from 1 month 
(weaning age) to 1 year. The females were 
all mature, and several were nursing litters. 
None was visibly pregnant. In 1 female 
which died (14 months old), the intussus- 
ception was included in an extensive rectal- 
colonic prolapse. 

In general, the clinical signs were the 
same as in the first case, and death seemed 
imminent. Several cases were found after 
death. Since there was considerable inflam- 
mation of the affected colon and strangu- 
lation of the included blood vessels, the 
mice probably died within a few days after 


From the Genetics Department, Iowa State College, 
Ames, project No. 1187 (Dr. J. W. Gowen). 

Published as journal paper No. J-3556 from the Iowa 
Agricultural and Home Economics Experiment Station, 
Ames. 
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signs appeared. Judging from the appear- 
ance at necropsy, one can infer that the 
invagination probably began in the middle 
region of the colon, and proceeded to draw 
the anterior portion in until the cecum was 
reached (fig. 2) which, in the mouse, was 
large enough to block further movement. 
Apparently the intussusception completely 
prevented fecal passage. In some eases, the 
cecum and small intestine were consider- 
ably distended, but the cachexia resulted 
in reduced food intake. 

This family of mice originated from 
crossing several stocks maintained in this 
laboratory, namely ‘‘S,’’ ‘‘P,’’ ‘‘yellow,”’ 
and ‘‘belt.’’ The primary object was the 
analysis and maintenance of a color muta- 
tion (a°) obtained in an x-ray experiment? 
None of the mice with intussusception had 
been irradiated, but all had this mutant 
gene, either homozygous or heterozygous. 
The association is probably coincidental, 
since hundreds of genetically comparable 
mice in this family have lived to old age 
without this pathological development. The 
total observed frequency of intussusception 
has been less than 3 per cent in this family, 
and zero in all the other stocks. 


DISCUSSION 

Occasionally, among various genetically 
different stocks in this laboratory there 
have been mice with chronic prolapsus ani. 
This has oceurred about equally in both 
sexes, almost always in mature or old ani- 
mals. Whether it is in any way related to 
the colonic intussusception is unknown. 
The limitation of intussusception to a single 
family line suggests that a unique factor 
is involved. 

Intestinal intussusception has often been 
reported in a number of kinds of mammals, 
including rabbits,® dogs,® ungulates,’ and 
man.! Various locations have been involved, 
but the colon much more rarely than the 
small intestine. Precipitating factors have 
been diverse—tumor, parasites, some other 
obstructing foreign body, inflammation, or 
violent peristaltic movement following 
some sort of shock, such as drinking very 
cold water. However, often no inciting 
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Fig. 1—Pedigree chart for the family of mice in which intussusception appeared. Numbers 

without sex identification are mating numbers. Designations for the 5 first-affected mice are 

enclosed in rectangles. Occurrence in generations IX-XVII was less frequent, so details of 
relationship are not shown. 
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Fig. 2—Typical examples of colonic intussusception: left—from a female (preserved in for- 
malin), showing distended cecum; right—from a male which died (fresh specimen). 
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factor has been found, and idiopathy has 
been suggested. 

Since diet and other conditions in our 
mouse colony have been standard through- 
out, and since no obstructing factor has 
been found in the colon, inheritance may 
be an important element in predisposition 
to the condition. The evidence does not 
permit an adequate mendelian type of anal- 
ysis but indicates that the inheritance 
could not be simple. A recessive gene is 
not likely to be responsible because the first 
case observed was in a direct outcross. 
Neither can a strictly dominant gene be 
postulated, unless the crossing produced a 
disharmonious combination. The rather 
erratic age incidence also indicates com- 
plexities of genetic-environmental inter- 
action. Such subtleties of cause have been 
found for certain other abnormal condi- 
tions in mice * and may be of more impor- 
tance in medicine than is commonly 
recognized. 

SuMMARY 

Colonie intussusception, found in 14 

crossbred mice of various ages, was limited 


to a single family line. Although affected 
mice had not been irradiated, all had an 
homozygous or heterozygous mutant color 
gene obtained through x-ray experimenta- 
tion. Intussusception was not found in any 
other stocks in the mouse colony. Inheri- 
tance, with complex genetic-environmental 
interaction, was indicated as a_ possible 
element in predisposition to this condition. 


References 


1 Editorial reviews: Lancet, 264, (1953): 229-230; 
Lancet, 269, (1955): 145; J. Am. M. A., 159, (1955): 
153. 

2 Griineberg, H.: The Genetics of the Mouse. 
Genet., 15, (1952) : 372-374. 

3 Hollander, W. F., and Gowen, J. W.: An Extreme 
Non-Agouti Mutant in the Mouse. J. Hered., 47, (1956): 
221-224. 

4Hollander, W. F., Gowen, J. W., and Stadler, J.; 
A Study of 25 Gynandromorphic Mice of the Bagg Albino 
Strain. Anat. Rec., 124, (1956): 223-243. 

5 Jaffé, R.: Anatomie und Pathologie der Spontaner- 
krankungen der kleinen Laboratoriumstiere. J. Springer, 
Berlin, 1931. 

6 Joest, E.: Spezielle pathologische Anatomie der Haus- 
tiere. vol. 1. R. Schoetz, Berlin, 1919. 

7 Nieberle, K., and Cohrs, P.: Lehrbuch der speziellen 
pathologischen Anatomie der Haustiere. 3rd ed. Gustav 
Fischer, Jena, 1949. 


Bibliogr. 


XUM 


|| 
tk 
in 
H 
ne 
01 
in 
th 
hi 
la 
fe 
te 
07 
ti 
el 
th 
ir 
is 
fi 
of 
( th 
to 
S} 
in 
ta 
07 
as 
M 
th 
in 
le 
m 
A 
ar 
va 
U1 
la 
Vi 
Ri 
of 


XUM 


Study of the Sperm Capacitation Factor in the 
Genital Tract of the Female Rabbit 


R. HADEK, D.V.M., Dr. Med. Vet., Ph.D. 


Glasgow, Scotland, and Ames, Iowa 


Iv HAS BEEN SHOWN ? that the presence of 
the male accessory genital gland secretion 
interferes with the fertilization of the ovo- 
eytes and the development of the embryo. 
However, neither epididymal spermatozoa 
nor dilute semen has any untoward effect 
on fertilization and, if these are deposited 
in the oviduct or uterus of the rabbit from 
three to four hours after mating (6 or 7 
hours prior to ovulation), as a rule fertili- 
zation of the ova will take place.\* How- 
ever, if the deposition of semen happens 
later than four hours before ovulation, no 
fertilization occurs. 

The apparent need for the spermatozoon 
to spend a certain amount of time in the 
oviduct or uterus before a successful fer- 
tilization can take place indicates the pres- 
ence of a factor in the higher segments of 
the female genital tract whose condition- 
ing or capacitating activity on the sperm 
is an apparent necessity before a success- 
ful fertilization can take place. For want 
of a better term, this factor has been called 
the ‘‘capacitation’’ factor. 

A series of experiments has been devised 
to establish whether normally ejaculated 
spermatozoa which are free of accessory 
genital gland secretion after deposition 
into the higher reaches of the female geni- 
tal tract are (a) capable of fertilizing an 
ovum, or (b) whether the activity of the 
capacitation factor is needed in this case 
as well, to complete fertilization. 


MATERIALS AND METHODS 


Sexually mature Dutch rabbits were used as 
the experimental animals. The females were kept 
in separate cages within the animal house for at 
least three weeks preceding the date of the experi- 
ment to assure the absence of pseudopregnancy. 
A number of males were trained to ejaculate into 
an artificial vagina. Other male rabbits were 
vasectomized. 


From the Department of Histology and Embryology, 
University of Glasgow Veterinary School, Glasgow, Scot- 
land, and the Department of Veterinary Anatomy and 
Veterinary Research Institute, Iowa State College, Ames. 
Dr. Hadek is now at the Iowa State College. 
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Since it is known that ovulation in the rabbit 
takes place ten hours after mating, doe rabbits 
were mated with vasectomized bucks (referred to 
as a ‘‘sterile mating’’) then held for the required 
lapse of time before insemination. 

For insemination, with the exception of the con- 
trol experiments, once- or twice-washed rabbits’ 
spermatozoa were used. The procedure was as 
follows: Semen was obtained with the help of an 
artificial vagina, which is a modification of Maci- 
rone-Walton’s* old model. Immediately after 
ejaculation, the semen was tested for sperm mo- 
tility and, if the motility was satisfactory, the 
semen was mixed with an equal amount of citrate 
buffer (pH 7) and centrifuged with a relative 
centrifugation force of 5,000 to 10,000 (R.C.F.= 
284xX107XRXN*). If the centrifugation force 
was greater, the spermatozoa were found to frac- 
ture. At lower values, the spermatozoa did not 
separate well enough from the other constituents 
of the semen. 


After the first centrifugation, the supernatant 
fluid was pipetted off; the separated spermatozoa 
were then mixed with a new addition of citrate 
buffer and either used in this once-washed con- 
dition or centrifuged onee more. After the second 
centrifugation, the supernatant fluid was discarded 
again and the sperm motility tested after the 
addition of fresh citrate buffer. If the sperma- 
tozoa still showed adequate motility, they were 
used in the experiments. 

Laparotomy was performed under aseptic con- 
ditions on pentobarbital-anesthetized rabbit does, 
and the animals were inseminated in both ampullae 
of the fallopian tubes or in the middle third of 
both uterine horns. The ovaries were scanned for 
the presence of graafian or newly ruptured follicles. 

Some of the does were killed within six to ten 
hours after mating in an attempt to observe sperm 
penetration and the union of pronuclei. However, 
the absence of phase-contrast equipment made the 
observation difficult, so they were killed a week 
after insemination when the blastocyst formation 
was well advanced. Experiments were considered 
positive where well-developed blastocysts were 
obtained. 


EXPERIMENTAL PROCEDURE 


Control Series—A control experiment 
was performed on 4 does. Each of them 
was inseminated by placing the citrate 
washing of epididymis spermatozoa into 
the ampullae of both fallopian tubes seven 
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hours prior to ovulation. Both became fer- 
tilized, thus repeating Austin’s? results. 

Experiment 1.—For the first experiment, 
normally ejaculated semen was used. Nine 
does were inseminated in the ampullae of 
the fallopian tubes six hours after sterile 
mating. 

A total of 54 ovocytes and blastocysts 
were recovered. Of the total there were 23 
atrophic unfertilized eggs; ten atrophic 
fertilized eggs; 11 fragmented eggs; two 
atrophic morulae; and eight atrophic blas- 
tocysts (table 1). 

Experiment 2.—Five does were insemi- 
nated in both ampullae with once-washed 
spermatozoa. Of the 23 ovocytes recovered 
from the 5 does one week later, 16 were fer- 
tilized but degenerating, two were atrophic 
morulae, and five were atrophic blasto- 
eysts (table 1). 

Experiment 3.—Six hours after sterile 
mating, twice-washed spermatozoa were de- 
posited in the ampullae of 6 does. A total 
of 18 apparently normal blastocysts and 
five atrophic ova were recovered after seven 
days (table 1). 

Experiment 4.—Six hours after sterile 
mating, twice-washed spermatozoa were de- 


posited in the middle third of both uterine 
horns in each of 3 does. Fourteen appar- 
ently normal blastocysts were recovered 
(table 1) one week later from 2 does and 
only degenerated ones from the third doe. 
Experiment 5.—The aim was to deposit 
twice-washed spermatozoa in the oviducts 
of 6 does two hours after ovulation (12 
hours after mating). Seven days after the 
operation, 21 blastocysts were recovered 
from 5 does and only atrophie eggs from 
1 animal. The blastocysts obtained in this 
experiment were much smaller than those 
in the previous experiment, and some of 
them were in a collapsed state (table 1). 
CONCLUSIONS 


DISCUSSION AND 


These experiments have shown that two 
important factors must be considered to 
achieve successful fertilization with ejacu- 
lated semen deposited in the upper por- 
tions of the female genital tract: (1) the 
degree of washing, and (2) the time inter- 
val between mating and insemination or, 
rather, between insemination and ovulation. 

Insemination into the oviduct with whole 
semen never resulted in fertilization, and 
insemination with once-washed sperm never 


TABLE 1—The Number of Experiments, Animals Used, Number of Ova Recovered, and Their 
Developmental Stages or Other Conditions 


Unfer- Frag- Smaller 
Experi- tilized Fertilized mented than 
ment No. of atrophic atrophic vitelline Atrophic Atrophic Normal normal Corpora’ Blood 

No. animals eggs eggs material morulae blastocysts blastocysts blastocysts lutea follicles Ovocytes 
1 4 1 6 pe 5 
2 5 6 3 5 
3 6 6 6 
4 4 ~ 2 7 6 

1 5 in 6 és 6 2 6 
6 4 2 6 6 
7 1 4 3 8 8 
8 1 oe 3 11 2 4 
9 8 10 es 8 
1 3 1 8 4 
2 3 3 9 6 

2 3 3 o 7 3 
4 3 2 Pe 9 5 
5 4 1 7 5 
1 _ 5 9 5 
2 2 2 4 4 

3 a 2 2 4 4 
4 4 7 4d 
5 1 3 7 4 
6 ne 2 5 2 
1 4 . 5 9 9 

4 2 9 9 9 
3 1 3 6 2 4 
1 8 2 10 10 
2 4 3 x 7 

5 3 re 4 4 4 
4 oo 9 9 9 
5 6 10 
6 « 3 3 3 
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resulted in blastocyst formation, although 
cleavage and early embryological develop- 
ment apparently took place. The only suc- 
cessful experiments were those in which 
twice-washed spermatozoa were used. 
Therefore, for successful insemination into 
the higher segments of the genital tract, 
thorough washing appears to be extremely 


important. 
Concerning the time limits between 
which successful insemination can take 


place, it can be assumed that the earliest 
period would be the time of mating. Suc- 
cessful insemination was achieved six hours 
after mating, but not two hours after 
ovulation. Since the ovum of the rabbit 
can still be fertilized two hours after ovu- 
lation, the failure of this to occur is as- 
eribed to the lack of capacitation of the 
sperm. 
SUMMARY 


A number of experiments were conducted 
on rabbits to determine whether normally 
ejaculated semen can be used for insemi- 
nation into the uterus and oviduct and, if 


so, what its relationship is to mating and 
ovulation. 

1) Twice-washed spermatozoa were 
found to fertilize rabbit ova and cause 
early embryological development. Once- 
washed spermatozoa apparently fertilized 
ova and induced cleavage, but the embryos 
degenerated in early blastocyst stage. Nor- 
mal ejaculatum did not fertilize any ovum. 

2) Fertilization was not successful two 
hours after ovulation (12 hours after 
mating) but it was successful four and 
six hours after mating (6 to 4 hours prior 
to ovulation), showing an apparent need 
for ‘‘capacitation.’’ 
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The Effect of Antibiotics on Semen Production in Rabbits 


TIM BHANNASIRI, D.V.M., M.S.; RALPH BOGART, M.S., Ph.D.; 
HUGO KRUEGER, M.A., Ph.D. 


Corvallis, Oregon 


THE OPINION is prevalent that fertility is 
often low in farm animals following an 
acute illness, the recovery from which has 
been accelerated by treatment with anti- 
biotics. The question naturally arises as 
to whether the fever which developed with 
the illness or the treatment with antibiotics 
caused the impairment in fertility. Some 
producers feel that the antibiotics con- 
tribute to the lowered fertility, but little 
information on the subject is available. 
Antibiotics are also used in the treatment 
of certain diseases after which fertility is 
markedly improved. It seemed important 
to determine what influence antibiotics at 
therapeutic doses have on fertility in ani- 
mals that are not suffering from any known 
illness. Male rabbits were used for the 
study because they are inexpensive to main- 
tain and semen can be readily collected 
from them for laboratory study. 


REVIEW OF LITERATURE 


There have been few papers directly bearing on 
the effects of antibiotics on semen production. 
Some yield information on restricted aspects of 
reproduction in the male. For example, the feed- 
ing of antibiotics had neither a detrimental nor 
beneficial effect on the percentage of conception, 
number of live pigs farrowed per litter, birth 
weight of pigs, or weaning weight.* This implies 
no residual effect of antibiotics in the male. 

Rusoff et al.,° on adding a chlortetracycline 
(Aureomycin*) supplement to the ration (level in 
the grain mixture equivalent to intake of approxi- 
mately 300 mg. of chlortetracycline daily per ani- 
mal), found no alteration in the number of ejacula- 
tions, volume per ejaculation, sperm per milliliter, 
sperm per ejaculation, and the nonreturn rate of 
bulls. 


Uram et al.“ found that when groups of 10 male 
and 30 female weanling rats were fed one of 
three diets (basal, basal plus 0.04% oxytetracycline 
[Terramycint], or basal plus 0.04% streptomycin), 


Technical paper No. 1176, from the Oregon Agricul- 
tural Experiment Station, Oregon State College, Corvallis. 
This study was conducted in cooperation with the Agri- 
cultural Research Service, and State Experiment Stations 
under Western Regional Project W-1 on Beef Cattle 
Breeding Research and Western Regional Project W-46 
on the Effects of Environment Stresses on Range Cattle 
and Sheep Production. 

* Aureomycin is produced by Lederle Laboratories, 
Division of American Cyanamid Co., New York, N.Y. 


there was no significant difference in reproductive 
ability among the groups of rats fed the three 
diets. 

Sciortino * noticed only slight histological changes 
in the testicular tissue of 4 rabbits treated with 
3,600,000 to 7,690,000 units of penicillin. 

Thus, the literature provides little evidence di- 
rectly or indirectly on the effect of antibiotics on 
semen production generally or in the rabbit in 
particular. 


EXPERIMENTAL PROCEDURE 


It was the purpose of this experiment to study 
the effect of intramuscular injections of antibioties 
at therapeutic levels on semen production in the 
rabbit. The antibiotics were given intramuscularly 
to prevent alimentary destruction or failure of 
absorption. The therapeutic level used was 10 
times greater than the amounts fed in nutritional 
studies. The properties of the semen to be studied 
were the volume per ejaculation, motility, percent- 
age of live sperm, concentration, survival during 
storage, and morphology of the spermatozoa. 

Experimental Animals.—New Zealand White 
male rabbits, 5 months old, were randomly allotted 
to four groups of 3 each. Animals in the first three 
groups were treated with antibiotics (oxytetracy- 
cline, penicillin, and streptomycin) and the fourth 
group served as controls. All animals were fed 
commercial rabbit pellets. Each rabbit was kept 
in a separate wire cage and adequate feed and 
water were given each morning to supply it for 
the day. 

Each antibiotic was injected as an aqueous solu- 
tion intramuscularly daily for three weeks, as fol- 
lows: group 1, oxytetracycline, 2 mg. per kilogram 
of body weight; group 2, penicillin, 4,000 units per 
kilogram of body weight; group 3, streptomycin, 
40 mg. per kilogram of body weight; and group 4, 
control group, no antibiotics. During the treat- 
ment, semen samples were taken once a week to 
study changes that might occur. The study was 
continued for five weeks subsequent to antibiotic 
treatment. The injections were started June 1, 
1957. 

Treatment of Semen.—The semen was collected 
once a week for two months by use of an artificial 
vagina, designed by Lambert and McKenzie.’ The 
volume was calculated by measuring in millimeters 
the height of a column of semen in calibrated vials. 
General appearance, such as the color, viscosity, 
and opacity, was also recorded. 


+ Terramycin, produced by Pfizer Laboratories, Divi- 
sion of Chas. Pfizer & Co., Inc., Brooklyn, N.Y. 
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Concentration of spermatozoa, expressed in num- 
bers per cubic millimeter, was determined by use 
of a Spencer hemacytometer.t By observing semen 
under the microscope, motility was rated 10 to 0, 
with 10 denoting maximum motility.” The per- 
centage of live spermatozoa was determined from 
smears stained with fast green eosin.® On this same 
slide, the percentage of abnormal spermatozoa was 
determined by counting the number of abnormal 
cells present in a total of 300 spermatozoa. Sper- 
matozoa considered abnormal were those without 
tails, with broken or looped tails, headless, abnor- 
mally large-headed, small-headed, two-headed, hav- 
ing a pyriform (pear shaped) head, and those with 
enlarged middle pieces. 

Survival Time During Storage.—The semen sam- 
ples for each collection were diluted with four 
volumes of heated homogenized milk as an ex- 
tender and were stored in the refrigerator at 
40 to 44 F. Each sample was rated for motility at 
48-hour intervals until motility was zero; thus, a 
time limit of useful storage was established. 


RESULTS 


For clarity and convenience, the observa- 
tions are presented as follows: semen vol- 
ume, initial motility, sperm concentration, 
percentage of live and abnormal sperma- 
tozoa, and survival time during storage. 

Semen Volume.—Average (calculated 
from 3 rabbits) volume of semen per ejacu- 
lation varied from 0.86 to 1.33 ml. among 
the four groups during the control period. 
Average semen volume during the treat- 
ment period varied from 0.82 to 1.14 ml. 
for the treated groups and was 0.9 ml. for 
the control group. During the post-treat- 
ment period, average volume for the treated 
groups varied from 0.78 to 1.35 ml. per 
ejaculation, while the average volume of 


+ Spencer hemacytometer, manufactured by the Ameri- 
ean Optical Co., Buffalo, N.Y. 


semen from control rabbits during this pe- 
riod was 0.87 ml. Evidence of an alteration 
in semen volume due to oxytetracycline, 
penicillin, and streptomycin was not ob- 
tained (table 1). 

Sperm Concentration.—Average values 
for the concentration of spermatozoa in 
semen varied from 559 to 684 million per 
milliliter over the four groups during the 
two month control period (table 1). Usu- 
ally low values of semen concentration were 
irregularly obtained after treatment with 
oxytetracycline and streptomycin, and in 
the control rabbits. A statistically signifi- 
cant effect of the antibiotics on sperm con- 
centration was not established. If there is 
such an effect, it is variable from rabbit to 
rabbit and from time to time in the same 
rabbit, with both unusually high and un- 
usually low values of spermatozoan concen- 
tration being obtained. 

Total Number of Spermatozoa per Ejacu- 
lation._-The average number of spermato- 
zoa for the four groups during the control 
period varied from 548 to 746 million per 
ejaculation. The data suggest that pro- 
longed administration of oxytetracycline 
may lead to a reduction in the number of 
spermatozoa per ejaculation. Cessation of 
oxytetracycline administration was fol- 
lowed by an increase in the number per 
ejaculation. Effects of pencillin and strep- 
tomycin, if any, were evanescent (table 1). 

Spermatozoan Motility—Spermatozoan 
motility varied from group to group, and 
from time to time in the control period 
(table 1). Spermatozoan motility in semen, 
as collected, was somewhat higher during 
treatment in the groups given antibiotics 
than it was during the control period or 
in the control group. Spermatozoan motil- 


TABLE i—tThe Effect of Antibiotics on Semen Production in Rabbits 


Average 

Volume Conc./emm. Total No. Motility Alive Abnormal 
Group Collection (ml.) (thousands) (millions) (0-10) (%) (%) 
1. Oxytetracycline Before treat. 1.33 559 746 6.83 89 16 
(2 mg./kg. daily) During treat. 1.14 557 635 7.32 88 12 
i.m.—21 days After treat. 1.35 587 795 7.86 89 13 
2. Penicillin (4,000 Before treat. 0.86 632 548 7.07 84 16 
units/kg.) During treat. 0.82 871 714 7.99 94 17 
i.m.—21 days After treat. 0.78 774 608 7.86 93 12 
3. Streptomycin Before treat. 1.01 684 693 7.26 87 18 
(40 mg./kg. daily) During treat. 0.95 617 586 7.65 92 11 
i.m.—21 days After treat. 0.87 819 715 8.06 92 13 
4. Control Before treat. 0.99 605 600 7.37 88 20 
During treat. 0.90 484 436 6.88 91 11 
After treat. 0.87 723 631 7.93 88 12 


i.m. = intramuscularly. 
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ity was higher after the cessation of treat- 
ment with all three antibiotics than during 
antibiotic treatment. 

Percentage of Live Sperm in Fresh 
Semen.—There were no clear-cut directions 
of change in percentages of live sperm in 
fresh semen in either treated or control 
groups (table 1). There may be some indi- 
cation of an increase in the percentage of 
live sperm during and after treatment with 
penicillin. 

Percentage of Abnormal Sperm.—The 
average percentage of abnormal sperm in 
fresh semen (table 1) varied from 16 
to 20 among the groups during the con- 
trol period. In the control groups, the 
average percentage of abnormal sperm 
fluctuated from time te time and ranged 
between 11 and 20 per cent. No clear-cut 
effects of the antibiotics on the percentage 
of abnormal sperm were established. AI- 
though the percentage of abnormal sperm 
decreased during and following treatment 
in the groups receiving antibiotics, these 
decreases appeared to be under other in- 
fluences because the same decreases in ab- 
normal sperm occurred in the control group 
during these periods. 

Sperm Survival Time During Storage.— 
The time limit for successful storage of 
semen samples was determined by the ex- 
amination of motility of the spermatozoa 
in diluted semen. The storage limit was not 
altered significantly by the administration 
of oxytetracycline, penicillin, or streptomy- 
cin (table 2). Data from both control and 
treated rabbits showed an unexpected, un- 
explained, and roughly parallel increase in 
magnitude with time. 

There was much variation in all semen 


TABLE 2—Survival Time of Rabbit Sperm During 
Storage (Days) 


Group 1 Group 2 Group 3 
(oxytetra- (vneni- (strepto- Group 4 
Collection eycline) cillin) mycin) (control) 
Before treat- ’ 
ment average 10.1 12.9 12.6 12.6 
During treatment 
Ist week 12.0 12.0 12.0 11.3 
2nd week 13.3 13.3 16.0 17.3 
3rd week 11.3 12.0 10.7 12.0 
Average 12.2 12.4 12.9 13.6 
After treatment 
lst week 17.3 19.3 18.0 13.3 
2nd week 12.0 17.3 17.3 18.0 
3rd week 16.7 14.7 16.7 16.0 
4th week 14.0 13.3 14.0 14.7 
5th week 10.7 13.3 11.3 12.0 
Average 14.1 15.6 15.5 14.8 


characteristics studied both between rab- 
bits in different groups and between collee- 
tions from the same rabbit. The differences 
among animals in treated groups or be- 
tween any treated group and the controls 
were not of sufficient magnitude to show 
statistical significance. It appears that 
treatment with oxytetracycline, streptomy- 
cin, or pencillin had neither a beneficial nor 
a harmful effect on semen production or 
quality when given to rabbits considered to 
be normal. 

General observations of the rabbits re- 
vealed that those which received oxytetra- 
eycline had a rough hair coat at the end 
of the treatment period. Also, those receiv- 
ing penicillin were inappetent at the end 
of the treatment period. Some diarrhea oe- 
curred in the rabbits in treated groups, but 
this was not serious. 

Body temperatures were checked once 
daily in the morning for one week before 
the treatment and for five weeks after 
treatment. During the treatment period, it 
was checked twice daily, once before injec- 
tion and again about one and one half 
hours after the injection. The body tem- 
perature did not change noticeably follow- 
ing administration of the antibiotics. 


Discussion 

Therapeutic doses of oxytetracycline, 
streptomycin, and penicillin did not ap- 
pear to have any beneficial or harmful ef- 
fect on semen production as (1) indicated 
by volume of semen, sperm concentration, 
and sperm per ejaculation, or (2) as meas- 
ured by motility, per cent alive, per cent 
abnormal, and survival of sperm during 
storage. These observations are in agree- 
ment with the findings of Carpenter and 
Larson,! Catron,? and De Pape et al.,* who 
observed no effects on swine reproduction 
from feeding antibiotics. Thev are also in 
agreement with the studies by Rusoff et al.,* 
in which they found no alteration in quality 
of semen from bulls fed 300 mg. of chlor- 
tetracycline daily. The study by Uram et 
al... in which antibiotics were fed to rats 
without altering reproduction. also agrees 
with the present study and with the general 
observations that have been made. 

The present study differs from the previ- 
ous research in that antibiotics were in- 
jected intramuscularly at therapeutic levels 
rather than fed at levels recommended for 
increasing the rate of weight gain. Greater 
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amounts were administered and destruction 
and loss from the gastrointestinal tract did 
not ensue. Thus, the present study em- 
ployed therapeutic antibiotic levels over a 
relatively long period, which differs both 
from the feeding experiments previously 
cited and from the work of Sciortino,? who 
used a single injection of 3,600,000 to 
7,690,000 units of penicillin for rabbits. 
His results on histology of the testes are in 
agreement with the present study. 

Since the injection of penicillin, oxy- 
tetracycline, and streptomycin at therapeu- 
tic levels into normal rabbits over a period 
of three weeks had no apparent beneficial 
or harmful effects on semen production or 
quality, it would appear that these antibi- 
otics are without direct effects on reproduc- 
tion. Animals in which fertility is im- 
paired following the recovery from illness 
in which antibiotics have been used may 
be explained on the basis that the reduced 
fertility resulted from the illness rather 
than the antibiotics. Also, the improvement 
in fertility following the use of antibiotics 
to assist in correcting a diseased condition 
probably is attributable to correcting the 
diseased condition which was causing im- 
paired fertility, rather than the induction 
of greater fertility by the antibiotics. 


SUMMARY AND CONCLUSIONS 


Twelve New Zealand White male rabbits, 
about 5 months old, were used to study the 
effect of antibiotics on semen production. 
They were allotted randomly to 4 groups. 
Those in group 4 served as controls, and 
those in groups 1, 2, and 3 were daily 
injected intramuscularly with therapeutic 
doses of Terramycin (oxytetracycline), 
penicillin, and streptomycin (2 mg. of oxy- 
tetracycline, 4,000 units of procaine peni- 
cillin, and 40 mg. of streptomycin in aque- 
ous solution per kilogram of body weight 
daily, respectively for three weeks). 

Semen collections were made every seven 
days during the pretreatment period of 
two months, during the three weeks of 
treatment, and for five weeks after the 


treatment was discontinued. The semen 
was examined for volume, motility, concen- 
tration, percentage of live sperm, percent- 
age of normal sperm, and survival time 
during storage. None of the antibiotics 
caused a definite change in the semen vol- 
ume, percentage of live sperm, or percent- 
age of abnormal sperm, nor did they alter 
significantly the survival time of sperma- 
tozoa in stored rabbit semen. 

It appears that antibiotics cause no 
beneficial or harmful effects on semen pro- 
duction or quality. Decreased fertility fol- 
lowing the use of antibiotics given to correct 
a disease condition is probably attributable 
to damage caused by the disease. Increased 
fertility following the use of antibiotics 
therapeutically is probably attributable to 
eliminating the disease which was causing 
impaired fertility. 
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A Study of Infertility in Cattle in Alabama 


GEORGE K. KIESEL, B.S., D.V.M., and WILLIAM G. DACRES, M.S., Ph.D. 
Auburn, Alabama 


INFERTILITY in cattle has long been a seri- 
ous problem. Specific diseases such as 
brucellosis, vibriosis, trichomoniasis, and 
leptospirosis still cause great economic loss, 
but they can be detected with reasonable 
accuracy and controlled or eliminated. 

Nonspecific or ‘‘unspecialized’’ infec- 
tions, functional disorders, endocrine dys- 
functions, nutrition, and heredity have all 
added to the complexity of the picture. One 
of the most perplexing and discouraging 
problems in a herd in which most of the 
animals breed normally is the infertile cow 
with a normal estrous cycle and no appar- 
ent pathological changes. In our experi- 
ence, approximately 5 to 8 per cent of the 
animals of a given herd may be placed in 
this category. 


REVIEW OF LITERATURE 


Many authors **?**** point out the multitude 
of factors that may be involved in bovine breeding 
failures. These include poor management, inade- 
quate nutrition, hormone imbalance, anatomic ab- 
normalities, genetic aberrations, pathological 
changes, and infections. The latter includes spe- 
cific and nonspecific infections which involve a 
variety of infectious agents. It has been shown 
that the uteri of normal animals are usually bac- 
teriologically sterile. 

Reports indicate that bacterial infection, 
either clinically apparent or not apparent, may be 
responsible for many cases of infertility. The bac- 
teria most often involved are micrococci, strepto- 
corynebacteria, Neisseria organisms, and 
diphtheroids. Alford et al. isolated a group A 
Streptococcus as a cause of infertility in one herd. 
Edward et al.® reported the isolation of pleuro- 
pneumonia-like organisms from the bovine genital 
tract. Millar * reported the transmission of q filter- 
able virus capable of inducing an endometritis in 
cattle. Other workers have found molds 
associated with the bovine genital tract, some of 
which were definitely shown to produce abortion. 
Members of the family Mucoraceae were most 
often responsible for the infections. 


From the Animal Disease Research Department, Agri- 
cultural Experiment Station, Alabama Polytechnic Insti- 
tute, Auburn. Published with the approval of the director 
and the committee on publications of the School of Veteri- 
nary Medicine as paper No. 811. 

The authors thank the Department of Pathology and 
Parasitology, School of Veterinary Medicine, Alabama 
Polytechnic Institute, Auburn, for preparing and exam- 
ining tissue sections. 


Durrell® made a study of the relationship of 
nutrition to infertility in dairy cattle in Canada 
and concluded that malnutrition, i.e., protein de- 
ficiency, low energy intake, low plane of nutrition, 
or inadequate levels of vitamins A and C, was the 
most prevalent predisposing cause of sterility, 
Hignett and Hignett*® showed that there is a 
definite relationship between P.O; intake and fer- 
tility, and that there is a similar relationship 
between CaO and fertility when the P.O; intake is 
either low or high. 

Filmore * discussed a variety of inheritable fae- 
tors that cause reproductive inefficiency in cattle, 
Olds * indicated that inheritance of low fertility 
and close-breeding practices may account for much 
of the infertility in dairy herds. Gibbons,” how- 
ever, does not think that heredity is an important 
factor in the over-all picture. 

Although endocrine disturbances are considered 
by many to be a cause of reduced fertility, Asdell,? 
Frank,’ and Roberts” found that various hor- 
monal treatments were not effective. The percen- 
tage of response was essentially the same, regard- 
less of what hormone was used. 

The consensus seems to be that the majority of 
breeding troubles in cattle are the result of infee- 
tion that may or may not produce visible pathologi- 
eal changes but that either destroys the fertilized 
egg or causes early embryonic death.** ™ 
Mild irritants, antibiotics, sulfonamides, antisep- 
ties, buffer-nutrient solutions, ‘‘soda’’ douches, 
and hormones have all been used therapeutically 

Most writers claim to have good to excellent re- 
sults with the treatments they are using—the range 
of effectiveness being from 40 to 90 per cent. How- 
ever, Ulberg et al.™ got lower conception rate in 
animals treated with antibiotics than in their con- 
trol animals. They also found that if the uterus of 
a cow was infused with antibiotics 17 days follow- 
ing estrus, then recovered at necropsy 16 to 48 
hours later, it would contain yellow, cheesy exu- 
date, epithelial desquamation, and leukocytic in- 
filtration. If the uterus was infused at the time of 
estrus, no pathological changes were found. 

The work of Simon and McNutt” also tends to 
refute the generally accepted assumption that most 
infertility is caused by infection of the uterus. 
They found that the endometria of affected cows 
did not differ greately from that of apparently 
normal heifers and that endometritis was not a 
major cause of infertility in otherwise apparently 
normal cows. 

This is a report of (1) result of cultures 
taken from cattle in problem herds; (2) 
pathological conditions found in the uteri 
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of a limited number of sterile cattle at the 
time of slaughter; (3) normal cattle that 
have had their genital tracts infused with 
bacteria isolated from infertile cows; and 
(4) treatments that have been used on in- 
fertile (‘‘repeat-breeder’’) cattle. Particu- 
lar attention was paid to breeding problems 
not associated with specific diseases. 


MATERIALS AND METHODS 


Experiment 1.—Between Oct. 10, 1956, and June 
30, 1958, culture specimens were obtained on 562 
trips to 32 farms in various parts of Alabama, five 
substations of the Agricultural Experiment Sta- 
tion, and from three cattle units at the Alabama 
Polytechnic Institute. Specimens were collected 
from cows referred to the large animal clinic, 
School of Veterinary Medicine, because of infer- 
tility. Before work was started on the animals, 
an over-all herd survey was made whenever pos- 
sible. Information was obtained relative to the 
number of animals in the herd, the type of hous- 
ing, feeding practices, tests for tuberculosis and 
brucellosis, the present breeding status of the herd, 
and the occurrence of parturient diseases during 
the previous year. The breeding histories of indi- 
vidual cows in question were also obtained when 
available. 

Cultures were taken from the cervices of cows 
bred three or more times without conceiving. The 
perineal region was thoroughly washed, flushed 
with an antiseptic solution, and dried with paper 
towels. The lips of the vulva were then parted and 
a glass speculum 1 inch in diameter and 18 inches 
long, containing a long sterile cotton swab, was 
inserted into the vagina to the cervix. Cervical 
secretion was secured with the swab and streaked 
on blood agar and Sabouraud’s mediums. The 
swab was then broken from the wooden appli- 
eator stick aseptically and allowed to fall into a 
vial of thiol medium. Inoculated mediums were 
placed in a portable ineubator and taken back to 
the laboratory, where the thiol medium was incu- 
bated under COs tension in a eandle jar. 

At the time of culture, a thorough examination 
was made of the cervix and vagina with the aid of 
a long-necked inspection light and a speculum. 
The genital organs were also palpated rectally to 
determine if any palpable lesions or anatomic de- 
formity was present. Whenever indicated, blood 
samples were collected for the brucellosis aggluti- 
nation test and the microscopic agglutination test 
for leptospirosis. If the cows had aborted, the 
genital organs were examined and cultures were 
taken; if the fetus was in suitable condition, the 
body fluids and stomach contents were cultured 
and seetions of the liver, spleen, and kidneys were 
taken for microscopic examination. Whenever pos- 
sible, the genital organs of infertile cattle were 
obtained at the time of slaughter, cultured, and 
examined both macroscopically and microscopically. 

All recovered bacteria considered pathogenic by 
the usual laboratory standards were lyophilized 


and stored for future use. During the first part 
of the experiment, all hemolytic streptococci were 
classified according to their action in the various 
mediums. Later, they were typed serologically. 

Experiment 2—In 1956, 12 sexually mature 
virgin heifers were obtained as experimental ani- 
mals. The cervices of these animals were cultured 
three times at weekly intervals to be sure that they 
harbored no bacterial infection. Nine of the 
heifers were inoculated at the external os of the 
cervix: 3 with a 2-day-old eulture of Streptococcus 
pyogenes isolated from an infertile cow; 3 with a 
culture of Pneumococcus isolated from an animal 
with a case of chronic metritis; and 3 with a 
coagulase-positive Staphylococcus aureus culture. 
Three cows were left as uninoculated controls. 
Each heifer was bred artificially at a subsequent 
heat period after a culture was made from the 
cervix. All heifers were similarly inoculated with 
the original bacteria four and one half months 
after the first inoculation. At that time, all of the 
heifers except 1 were pregnant. Sterile saline solu- 
tion was used as an inoculum for the controls. 

One heifer from each group was inadvertently 
infected with Vibrio fetus by the use of semen 
from an infected bull. The infections were de- 
tected at the next service and V. fetus was isolated 
from the bull’s semen. 

After each heifer had freshened and passed the 
fetal membranes (all within 24 hr.), 10 ec. of a 
broth culture of the same bacteria with which the 
heifer was previously inoculated was introduced 
directly into the uterus. For this purpose, 48-hour 
cultures in brain-heart infusion broth were used. 
It was thought that if the bacteria in question 
were responsible for infertility, they would become 
established in an organ that was vulnerable be- 
eause of recent trauma. 


Experiment 3.—The cervices of approximately 
16 eattle were cultured for pleuropneumonia-like 
organisms (PPLO) in addition to the regular rou- 
tine culturing. Of the 16 animals, 7 (44%) were 
positive for this organism, which was grown in 
Difco pPLO broth without crystal violet. The pres- 
ence of organisms was determined by plating on 
PPLO agar and examining the surface of the agar 
under a wide-field microscope. Subsequent to cul- 
turing, the organisms were passed four times in 
chicken embryos in an attempt to produce changes 
in the embryo. Prior to use in ealves, one of the 
isolates was again grown in broth. A 4-ce. dose 
of this broth culture was inoculated intravenously 
into each of 2 calves—1 calf was 6 days old and 
the other 12 days old. The calves were observed 
closely for two weeks and their temperatures were 
taken daily. 

Experiment 4—Many of the cattle examined 
were treated with antibiotics in an effort to de- 
termine whether this treatment had any beneficial 
effects on cattle that presented breeding problems 
and, if so, which preparation would be most effi- 
cacious. Five different preparations were infused 
into the uteri: (1) 200,000 units of crystalline 
penicillin and 1 Gm. of streptomycin; (2) 16,000 


762 


GeorGeE K. AND G. DACRES 


AM. J. VET. Res, 
JULY, 1959 


units of polymyxin sulfate and 800 units of baci- 
tracin (Polycin-Soluble Tablets*) dissolved in 10 
ec. of sterile distilled water; (3) 1 Gm. of intra- 
muscular-type chloramphenicol; (4) 100 mg. of 
tetracycline hydrochloride, intravenous type (Pan- 
mycint); and (5) 400 mg. of tetracycline hydro- 
chloride in the form-of soluble powder. Most of 
the infusions were made four to 24 hours after 
service; however, a few (21) were made during 
anestrus. Seven others were made about six hours 
prior to breeding. 


RESULTS 


Experiment 1.—A total of 1,359 isola- 
tion attempts were made. The type and 
number of bacteria isolated from the geni- 
tal tracts (table 1) and from aborted fe- 
tuses of cows (table 2) are shown. Twenty- 


TABLE i—Bacteria Isolated from the Cervices 
and Anterior Portions of the Vaginas of Cattle 
No. 
Organisms isolated 
Escherichia coli... 45 
Gaffkya tetragena... — 10 
Gram-positive rods. 14 
Gram-negative rods 5 
Diplococcus 2 
Staphylococcus 
Nonhemolytic Staph. 17 
Hemolytic Staph. aureus 
10 
Coagulase 2 
Nonhemolytic Staph. albus. - 60 
Streptococci 
6 
Human C 4 
Group E..... 38 
Group G..... 10 
Group H..... 1 
Pyogenes.... 12 
Agalactiae..... 2 
1 
Unclassified (beta-hemolytic)..... 20 
7 
Nonhemolytic 
Clostridium sp... 1 
PYOCOUS BD 6 
Corynebacterium 2 
Pleuropneumonia-like organisms. ens 7 
976 
Total No. isolation attempts..................ccsecessseeeeee 1,359 


four sets of genital organs were obtained 
from infertile cows at necropsy. Bacteria 
could be isolated from only 7, and 13 
showed no pathological changes (table 3). 

Experiment 2.—Bacteria which are usu- 
ally classified as pathogens (Str. pyogenes, 


* Polycin-Soluble Tablets are produced by Pitman- 
Moore Co., Division of Allied Laboratories, Indianapolis, 
Ind. + Panmycin is produced by the Upjohn Co., Kala- 
mazoo, Mich. 


TABLE 2—Bacteria Isolated from 28 Aborted 


Fetuses 

Organisms isolated 
Coliform 4 
Vibrio fetus 5 
Leptospira pomona 1 
Negative 17 


Pneumococcus, and Staph. aureus) had no 
apparent effect on breeding efficiency when 
used to inoculate the external ora of the 
cervices of virgin heifers before breeding. 
Six of the 12 heifers required an average 
of two services, whereas 2 control heifers 
required one and two services, respectively. 
Inoculation of the same bacteria at the ex- 
ternal os of the cervix after the animal 
conceived had no effect on the state of 
pregnancy. 

Only 4 heifers that had been accidentally 
infected with V. fetus presented breeding 
difficulties. These animals required an 
average of 5.75 services (table 4). Statis- 
tically, there was a high level of signifi- 
cance between the number of services re- 
quired for conception in those heifers 
infected with V. fetus (4) as compared 
with those not infected with V. fetus (8), 
regardless of the presence or absence of 
the other types of bacteria.* 

When these heifers were inoculated in 
the uterus after calving (1957-58), they 
required an average of 3.2 services for con- 
ception, whereas the 3 control animals re- 
quired 3.0 services under the same environ- 
mental conditions (table 5). Biometric 
analysis indicated that in this phase of 


* Statistical analysis was made by Dr. Albert E. Drake, 
associate professor and associate biometrician, Alabama 
Polytechnic Institute, Auburn. 


TABLE 3—Necropsy Findings in Genital Organs 
of Infertile Cattle 


No. organs 


Condition 


BACTERIOLOGICAL FINDINGS 
1 
Staph. albus (coag. neg.). 
Staph. aureus 
Streptococcus (nonhemolytic)..... 
1 
PATHOLOGICAL FINDINGS 
Slight fibrosis, 3 


Mild endometritis 2 
Slight epithelial hyperplasia, fallopian tubes..... 2 
Ovarian adhesions, 1 
No pathological «13 (54%) 
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TABLE 4—Breeding Efficiency of Heifers After 
Pathogenic Bacteria Were Inoculated at External 
Os of Cervix Prior to Breeding, 1956-1957, and 
into the Uterus After Calving, 1957-1958 


Services required for 
conception after inoculation 


Heifer At In 
No. Bacteria external os uterus 
70 Str. pyogenes 4 3 
73 Str. pyogenes (Vibrio) 3 1 
75 Str. pyogenes 2 A 
76 Control 2 5 
78 Control ( Vibrio) 6 3 
81 Control 1 1 
80 Pneumococcus ( Vibrio) 6 3 
82 Pneumococcus 2 2 
83 Pneumococcus 1 1 
84 Staph. aureus 2 5 
85 Staph. aureus 1 8 
87 Staph. aureus (Vibrio) 8 2 


the experiment the presence or absence of 
‘‘pathogenic’’ bacteria in the genital tract 
had no significant effect on the breeding 
efficiency of the animals. Those inoculated 
in the uterus after calving required more 
services than for their first conception. 
The controls, however, also required more 
services than during their first breeding 
period, the number closely approaching 
that of the inoculated animals. 

When cultures were taken at each heat 
period, the bacteria placed either at the 
external os of the cervix or in the uterus 
could not be recovered at the cervix at 
any time. 

Experiment 3.—The strain of PPLO iso- 
lated from an infertile cow and inoculated 
intravenously into 2 young calves produced 
no disease. The animals remained normal 
throughout the experiment. 

Experiment 4.—Results obtained with 
intrauterine infusions of antibiotics are 
shown (table 5). Many more animals were 
treated than is indicated. Only those treat- 
ments in which the results were certain are 
included in the table. 


Discussion 
Although the main objective of the first 


phase of this work was to take cultures 
from infertile cattle, in a few instances 
cultures were obtained from animals in 
herds where it was later shown that man- 
agement may have played an important 
part in bringing about breeding difficul- 
ties. Also, routine cultures were attempted 
from animals in herds in which sterility 
work was being done. 

Of 1,359 cultures taken from the external 
ora of the cervices of cattle, 383 showed 
the presence of bacteria. It is felt that 
most of the bacteria cultured were oppor- 
tunists and only transient in nature. It 
was rare that the same bacteria could be 
cultured from an animal on two successive 
occasions. An example of the variety of 
organisms isolated on successive attempts 
from a single cow is as follows: (1) Sta- 
phylococeus, (2) Aerobacter aerogenes, 
(3) negative, (4) Streptococcus, group E, 
(5) negative, (6) Streptococcus, group E, 
(7) negative, (8) nonhemolytic Staphylo- 
coccus albus, (9) negative, and (10) non- 
hemolytic Staph. albus and Proteus. 

Except for the few heifers with a small 
amount of pus present or a slight cervi- 
citis, no gross pathological changes were 
observed in the animals examined. 

The placing of pathogenic bacteria into 
the genital tracts of clean heifers appar- 
ently had no effect on their breeding effi- 
ciency. The accidental introduction of V. 
fetus did, however, markedly increase the 
number of services required for conception. 

These animals were bred the second time 
during the fall and winter of 1957-1958, 
at a time when the weather was the coldest 
in many years. Feed consisted of poor- 
quality hay, ground snapped corn, cotton- 
seed meal, and mineralized salt. During 
the previous summer, suitable pasture land 
was not available and the animals had lost 
considerable weight. It is believed that the 
low level of nutrition and severe weather 
conditions played an important part in 


TABLE 5—Breeding Efficiency of Cows Given Intrauterine Infusions of Antibiotics 


Did not 
. No. conceived conceive 
No. 
animals Subsequent 
Antibiotic treated Attreatment Next heat heat No. % 

Penicillin-streptomycin 21 7 6 1 7 33.3 
Polymyxin-bacitracin 40 17 6 10 7 17.5 
Chloramphenicol 34 8 8 5 13 38.2 
Tetracycline HCl (100 mg.) 8 0 1 3 4 50.0 
Tetracycline HCl (400 mg.) 36 6 11 1i 8 22.2 
Total 139 238 32 30 39 28.1 
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increasing the number of services per 
conception. 

No lesions were found in 13 of the 24 
sets of bovine genital organs examined. 
In one, there were ovarian adhesions and 
hydrosalpinx. Microscopically, the uteri of 
3 cows from the college herd appeared to 
show mucosal fibrosis which may have been 
the result of students practicing artificial 
insemination. Two of the cows had a low- 
grade endometritis and 2 had a slight epi- 
thelial hyperplasia of the fallopian tubes. 
In 1 cow, the endometritis was associated 
with a follicular cyst and a cystic corpus 
luteum. Most of the trouble seemed to be 
in the ovaries, with six cystic corpora lutea 
and two eystic follicles. 


Bacteria were isolated from 7 of the 24 
uteri. With the possible exception of the 
Vibrio, these bacteria were considered non- 
pathogenic. This seems to be in agreement 
with the work of Simon and MeNutt,?® who 
indicated that endometritis was not a major 
cause of infertility. It would appear that 
a hormonal or physiological dysfunction 
may have been involved in a large percent- 
age of the cases. 

Roberts 7" stated that the chances of a 
cow conceiving are 50 per cent at the third 
service, 40 to 45 per cent at the fourth 
service, and 30 to 35 per cent at the fifth 
and sixth services. Therefore, it appears 
(table 5) that the treatments used were not 
effective in controlling infertility. In this 
series, cattle were treated in a number of 
herds throughout Alabama under differ- 
ing environmental conditions, as well as at 
the large animal clinic. Since control ani- 
mals were not used, it should be assumed 
that any effective treatment of infertile 
cows must raise the number of those that 
conceive on the next service to over 50 
per cent. 


SUMMARY AND CONCLUSIONS 


1) In 1,359 attempts, bacteria were iso- 
lated from the genital organs of cows on 
383 (28.1%) occasions. 

2) Breeding efficiency was not affected 
when a Streptococcus pyogenes and a co- 
agulase-positive Staphylococcus aureus iso- 
lated from ‘‘repeat breeder’’ cows, and a 
Diplococeus organism from a cow with 
chronic metritis, were used to inoculate 
the cervices or the uteri of experimental 
heifers. 

3) A pleuropneumonia-like organism iso- 


lated from an infertile cow was not patho- 
genic to 2 young calves when inoculated 
intravenously. 

4) Routine intrauterine infusions of 
antibiotics did not affect the breeding effi- 
ciency of cattle. 

5) ‘‘Nonspecific’’ bacterial infections 
did not appear to be the major cause of 
infertility in the cattle studied. 

6) Many of the bacteria isolated were 
considered to be opportunists. 

7) It is postulated that some hormonal 
or physiological dysfunction or possibly a 
nutritional factor was a major cause of 
infertility in the animals studied. 
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Incidence of Certain Gastrointestinal 
Parasites of Cattle in Texas 


R. R. BELL, D.V.M., MS.; 
R. D. TURK, D.V.M., MS.; 
T. J. GALVIN, D.V.M. 


College Station, Texas 


In a preliminary study to find a more satisfac- 
tory method of control of gastrointestinal para- 
sites of cattle in Texas, it was found necessary to 
ascertain the most common and most pathogenic 
parasites present. 

Woodhouse and Reid,** working at Angleton, 
Texas, identified several genera of parasites from 
cattle. However, the cattle came from the Gulf 
Coast region only. Therefore, a survey of cattle 
parasites was made from several regions in the 
state in an effort to determine the effect of rain- 
fall, temperature, and other varying climatic con- 
ditions on tie parasite population and distribution. 


MATERIALS AND METHODS 


The abomasums and small intestines were col- 
lected from cattle at eight locations in north cen- 


Scientific Notes 


the animals were in fair to good condition. The 


rumen and large intestine were not routinely ex- 
from 


amined. Collection of material extended 
January, 1957, to November, 1957. 


Fig. 1—Counties in which collections of gastroin- 
testinal parasites were made. 


TABLE i—Average Number of Parasites Found by Age of Animal 


Animal 
Age (No.) Haemonchus sp. Ostertagia sp. Trichostrongylus sp. Cooperia sp.* 
ABOMASUM 
Adult 6 725 1,790 430 15.0 
Yearling 53 165 654 1,004 1.6 
Calves 41 205 631 368 0 
TOTAL 100 214 712 719 0 
SMALL INTESTINE 
Animal Trichostron- Nemato- Ostertagia Bunosto- 
Age (No.) Cooperia sp. gylus sp. dirus sp. sp.* mum sp.* 
Adult 6 719 0 0 0 0 
Yearling 53 2,656 67 60 0.54 0 
Calves 41 859 16 8 0 2.6 
TOTAL 100 1,803 42 85 0 0 


tral and northeastern Texas (fig. 1). To increase 
the probability that all were from native cattle, 
materials were collected at small local slaughter 
plants. 

No selection of animals was made except to 
collect organs from adults, yearlings, and calves 
at each location where possible. Frequently, it was 
impossible to obtain viscera from all three age 
groups at each location. The approximate age was 
determined at the time of slaughter. The viscera 
of milk-fed calves were not examined. Most of 


Associate professor (Bell), head of Department (Turk), 
and instructor (Galvin), Department of Veterinary Para- 
sitology, A. & M. College of Texas, College Station. 


* Worms of this genus were found in only 1 animal of the age group indicated. 


PROCEDURE 


At the time of slaughter, the abomasum was 
dissected from the omasum and tied at the omasal 
and pyloric ends. The small intestine was tied at 
the pylorus and ileocecal junction. These viscera 
were excised, placed in cans, iced, and returned to 
the laboratory. At the laboratory, the tracts were 
dissected, separated, placed in separate containers, 
and thoroughly washed in a known volume of 
water. An aliquot was taken vf the washings, 
placed in jars, and sufficient formalin was added 
to form a concentration of 10 per cent. 

For examination, these specimens were placed 
in Petri dishes with concentric circles drawn on 
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Fig. 2—Percentage of animals with gastrointestinal parasites. 


the bottom. A dissecting microscope was used to 
locate the worms. All the parasites in the aliquot 
were counted. Generic identifications were made 
on the first 100 worms observed (or on all con- 
tained in the sample). No attempt was made to 
identify species. The tapeworms were counted and 
identified individually. 


RESULTS 


The average number of parasites per animal by 
genera is reported (table 1). The figures for 
Cooperia sp. in the abomasum, and Ostertagia sp. 
and Bunostomum sp. in small intestines, represent 


Symposium on Antibiotics 


The Seventh Annual Symposium on Antibiotics, 
sponsored by the journals Antibiotics & Chemother- 
apy and Antibiotic Medicine §& Clinical Therapy, 
will be held Nov. 4-6, 1959, at the Mayflower Hotel, 
Washington, D.C. 

Papers presented at this meeting will be pub- 
lished in ‘‘ Antibiotics Annual 1959-1960.’’ Au- 
thors interested in contributing may obtain infor- 
mation on manuscript preparation by contacting 
Dr. Henry Welch, Director, Division of Antibiotics, 
Food and Drug Administration, U.S. Department 
of Health, Education, and Welfare, Washington 25, 
D.C. 


parasites found in only 1 animal in each age group. 

The percentages of animals infected in each age 
group, and the genera of parasites are shown 
graphically (fig. 2). 
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Research Tools 


Further information on these products may be 
obtained by writing to: Research Tools, American 
Veterinary Medical Association, 600 S. Michigan 
Ave., Chicago 5, Ill. 


Pneumatic Control System 


The Tempunit, manufactured by Arthur S. 
LaPine and Company, heats, stirs, and controls 


4-gal. uninsulated water bath temperatures to 0.05 C. 
from a set point. 

The instrument, which can be mounted on any 
container, has a 1,000-watt tubular immersion 
heater. A stirrer which rotates inside of the heat- 
ing coil creates a suction which circulates 1 liter of 
water per minute, stabilizing the temperature of 
external instruments. The heater has an automatic 
cut-off which prevents damage from overheating or 
stoppage of water circulation. 


Negative Viewer 


Film negatives can be viewed instantly as posi- 
tives with full tonal seale by using the Vertoscope, 


distributed by C. P. Goertz American Optical Co. 
for Meteor Apparatebau, Germany. 
The instrument accepts 16-mm. to 24 by 3\4- 


inch or 70-mm. film in roll or cut films. Negative 
values are optically reversed using the extinction 
effect caused by the interaction of infrared and 
ultraviolet light. Positive images, enlarged two 
and one half times, have a resolution equivalent to 
that of matte-surfaced photographic paper. Two 
viewing ports allow two people to observe the posi- 
tive image at the same time. 


Recording Camera 


The 35-mm. Sentinel camera, manufactured by 
OPTOmechanisms, Inc., is useful for instrument 
and data recording and can be easily disinfected, 

The camera has a remote control pulse operation 
that can be synchronized to any source. It also 


ean be controlled manually with a push-button 
switch. A selector switch on the magazine controls 
single or double frame advance; frame speed is 
up to six frames per second. The camera has a film 
capacity of 100 ft. and a maximum shutter speed 
of 1/100 see. It has rechargeable battery power or 
can be operated on regular A.C. power. 
Accessories include magazines of different sizes, 
lenses, data cards, counters, boresighting fixtures, 
and rechargeable battery supplies. 
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US 
THE THINGS 
WORTH KEEPING 


Nobody has to tell this Marine 
the most important reason 
in the world for peace. 

He holds it in his arms. 


But in these troubled times 
keeping the peace is a tre- 
mendous job—everybody’s 
job. For peace costs money. 

Money for industrial and 
military strength to help keep 
the peace. Money for science 
and education to make peace 
lasting. And money saved by 
individuals—by people like 
you—to help keep our econ- 
omy healthy. 

Every U.S. Savings Bond 
you buy is a direct invest- 
ment in America’s Peace 
Power. It not only earns 
money for you. It earns peace. 
It helps us keep the things 
worth keeping. 

Are you buying as many 
as you might? 


HELP STRENGTHEN AMERICAS PEACE POWER 


BUY U.S. SAVINGS BONDS 


The U.S. Government does not pay for this advertising. The Treasury Department thanks 
The Advertising Council and this magazine for their patriotic donation. a a 
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new-research facilities for 
PITMAN-MOORE COMPANY 


Division of Allied Laboratories, /nc. 


A $1,500,000 building, completed early in 1959, enables 
Pitman-Moore Company to concentrate in one location all types of 
research contributing to the development of human and 
veterinary medical preparations. This new unit adds 41,000 square feet 
of space for laboratories, offices, and technical 
equipment in the,company’s Research Center near Zionsville, Indiana. 


where originated the policy: 
pharmaceuticals Sales to Graduate 


The Zionsville DIVISION OF 
laboratories, ALLIED LABORATORIES, INC. 
where INDIANAPOLIS 6, INDIANA 
biologicals 
are produced. 
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